Chemistry of orthoamides and formamidinium salts by Wicherink, S.C.
CHEMISTRY 
of 
ORTHOAM1DES 
and 
FORMAMIDINIUM SALTS 
S. C. WICHERINK 

Chemistry of 
Orthoamides and Formamidinium Salts 

CHEMISTRY of 
ORTHOAMIDES and FORMAMIDINIUM SALTS 
PROEFSCHRIFT 
TER VERKRIJGING VAN DE GRAAD VAN DOCTOR IN DE 
WISKUNDE EN NATUURWETENSCHAPPEN AAN DE KATHO-
LIEKE UNIVERSITEIT TE NIJMEGEN, OP GEZAG VAN DE 
RECTOR MAGNIFICUS PROF. DR. A. J. H. VENDRIK VOLGENS 
BESLUIT VAN HET COLLEGE VAN DECANEN IN HET OPEN-
BAAR TE VERDEDIGEN OP VRIJDAG 26 MEI 1978 DES NA-
MIDDAGS TE 2 UUR PRECIES 
door 
Sjoerd Cornells Wicherink 
geboren te Amsterdam 
Krips Repro Meppel 
1978 
Promotor : Prof.Dr. R.J.F. Nivard 
Co-referent: Dr. J.W. Scheeren 
C O N T E N T S 
Chapter 1; Introduction 1 
Literature references 5 
Chapter 2 ; Orthoamides 7 
2.1 Synthesis 7 
2.2 Catalysis 10 
2.3 Reactions 11 
2.4 Chloral aminals; syntheses 13 
2.5 Chloral aminals; reactions 16 
2.6 Experimental section 20 
2.7 Literature references 24 
Chapter 3; Orthoamides; Reactions with electron-
deficient double bonds 27 
Experimental section 36 
Literature references 37 
Chapter 4; Formamidinium salts; synthesis 4 7 
4.1 Introduction 47 
4.2 Synthesis 49 
4.3 Spectral data 53 
4 .4 Activated salts 54 
4.5 Experimental section 55 
4 .6 Literature references 57 
Chapter 5; Formamidinium salts; stability 65 
5.1 Hydrolysis 65 
5 . 2 Measurements 68 
5.3 Discussion 70 
5 . 4 Alcoholyses 73 
5.5 Discussion 75 
5 .6 Literature references 77 

Chapter 6; Formamidinium salts; structure 79 
Literature references 87 
Chapter 7; Formamidinium salts; reactions 89 
7.1 Introduction 89 
7.2 Reactions with Grignard reagents 92 
7.3 Reactions with sodium salts of carbon 
acids 93 
7. 4 One-pot-syntheses 94 
7.5 Reactions with activated formamidinium 
salts 94 
7.6 α-Elimination 96 
7.7 Experimental section 100 
7.8 Literature references 104 
Chapter 8; Samenvatting Ill 
CURRICULUM VITAE 117 
Bij het tot stand komen van dit proefschrift wil ik 
graag iedereen bedanken die daartoe heeft bijgedragen. 
In het bijzonder mogen genoemd worden Wim van Luyn 
voor de hulp bij de tekeningen, Theo Janssen voor het re-
produceren daarvan, Lee Sallows voor het rechtbuigen van 
krom engels, en Henny Wigman-Roeffen voor het uittikken van 
het manuscript. 
Ook wil ik de studenten en stagiaires dank zeggen voor 
de plezierige samenwerking en hulp bij de experimenten voor 
enkele onderdelen, naast Herman Brinkhof en Louis Weys voor 
het uitvoeren van vele N.M.R. metingen. 
C H A P T E R 1 
INTRODUCTION 
Orthoamides (la) and formamidinium salts (lb) are 
representatives of the class of geminai, multifunctional 
compounds. They contain two or more equal substituents on 
the same carbon atom. 
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As has been widely demonstrated for orthoesters and 
derivatives, geminai multifunctional compounds exhibit an 
enhanced reactivity, which can also be qualitatively dif­
ferent from that of the corresponding monosubstituted com­
pounds.1 In the Laboratory of Organic Chemistry at Nijmegen 
much work has been devoted to the syntheses and chemistry 
of these orthoesters and derivatives. 2 ' 3 ' •* ' 5' 6 
The enhanced reactivity of this type of compounds is 
based upon the smooth formation of dialkoxycarbonium ions, 
which can react further with nucleophiles, add to double 
bonds, or eliminate a proton (II). 
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It might be expected that the related orthoamides and 
derivatives will also be interesting starting compounds in 
such reactions. Their possible usefulness for the introduc-
tion of the biologically interesting diaminomethyl and 
aminomethylene groups should make them valuable tools in 
explorative synthetic chemistry. 
A priori, an increased reactivity is to be expected 
for orthoamides in comparison with orthoesters, as the ami-
dinium ion (lb), the formation of which should be the driving 
force in many of their reactions, must have a larger stabil-
ity than the dialkoxycarbonium ion. 
On the other hand, the high stability of the amidinium 
ion may restrict the versatility of the reactions of ortho-
amides; we had to take into consideration that amidinium 
salts would be the end products in many reactions of ortho-
amides . 
In view of this strong interrelationship between ortho-
amides and amidinium salts, our study of the chemistry of 
orthoamides, presented in the first part of this thesis 
(chapters 2 and 3) has been extended to the chemistry of 
formamidinium salts in the second part (chapters 4-7). 
The exploration of the chemistry of orthoamides was 
begun much later than the study of orthoesters. Although the 
first aromatic orthoamide was synthetized in 194 9,7 the 
first aliphatic one was not mentioned until 1964.a So far, 
only those orthoamides derived from formic acid have been 
described; there has been only one exception: an ortho-
benzamide, which occurs just once in the literature.9 
As a consequence of this restriction, the name ortho-
amide, coined by Kékulé in 1887,10 is generally applied to 
indicate orthoformamides. 
In chapter 2 of this thesis a review is given of the 
most important methods for synthetizing orthoamides; for 
some of these,improvements of the current procedures are 
given. Furthermore, some general aspects of the reactivity 
2 
of orthoamides are presented. The substitution pattern on 
the nitrogen atoms in orthoamides not only affects their 
reactivity rates, but very often also the outcome of their 
reactions. Since this is particularly apparent for the reac­
tivity of chloral aminals (Ilia) and for their synthesis 
from orthoamides/ special attention has been paid to these 
compounds. 
Chapter 3 is devoted to the reactions of orthoamides 
(and some geminai diamines) with compounds containing an 
electrondeficient double bond, mainly 1,1-dicyanoethenes 
(Illb). 
Γ
 R 1V r'CN 
""4- c c l' „ 2/
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 R 2 / 4 C N 
1 2 As expected, substrates in which R or R have leaving 
group character undergo substitutions in which the leaving 
1 2 group is replaced by an amino function. When R and R are 
H, alkyl or aryl groups, however, addition, which was anti­
cipated, did not occur. Instead, formal exchange of the di-
cyanomethylene group by two amino functions was observed, 
leading to an aminal and an enamine. The scope and mechanism 
of this interesting reaction are discussed in this chapter. 
Our study of formamidinium salts starts again with a 
survey of the preparative methods for this type of compounds. 
We found (chapter 4) a novel method in which the N-sub-
stituents are introduced one by one. In this way formamidi­
nium salts can be synthetized in a much wider variety than 
orthoamides (and aminals), the known synthetic procedures 
for which are prone to yield only those having a symmetrical 
substitution pattern at the nitrogen atoms. Because of this, 
formamidinium salts may seem to be attractive alternative 
starting materials for reactions usually starting with 
orthoamides or aminal esters, but we realized that the high 
3 
stability and resultant low reactivity, already mentioned, 
would become a serious drawback in such applications. 
Therefore, great attention has been devoted to factors 
which influence the stability of the formamidinium ion. 
In chapter 5 the influence of the N-substituents has 
been studied by measuring the solvolysis rates in two 
series of formamidinium salts containing cyclic and non-
cyclic N-substituents, respectively. The measurements con­
firm that the high stability depends on an undisturbed 
lateral π-overlap in the central N»™CITTTÍI moiety of the 
formamidinium ion. Further differences in reactivity of 
the several formamidinium salts can be explained with the 
steric effects of the substituents on alterations of the 
hybridization of the nitrogen atoms during reactions. 
In chapter 6 preliminary results of X-ray investigations 
on several formamidinium salts*) are reported. The purpose 
of this study was to gain a deeper insight into the way in 
which several molecular parameters vary in order to reach 
optimal relief of steric crowding, and maximal maintenance 
of resonance stabilisation. 
Finally, two purposive attempts have been made to 
enlarge the reactivity of formamidinium salts, in order to 
increase their usefulness in synthetic applications. 
The first is based on the replacement of one N-alkyl 
group by an electron-withdrawing substituent, which reduces 
the charge délocalisation in the formamidinium ion. The 
second is based on the proper choice of the counter ion and 
the application of an apolar solvent, both of which are 
in order to reduce the ionic character of the compounds. 
Various possibilities and difficulties along these lines 
in reactions of formamidinium salts with nucleophiles and 
*) in co-operation with Prof. T.S. Cameron, Dalhousie 
University at Halifax N.S. (Canada). 
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electron-rich olefins, and in a-elimination are described 
in chapter 7. 
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C H A P T E R 2 
ORTHOAMIDES 
2.1 SYNTHESES 
Since Wichelhaus1 published his attempt to synthetize 
a free tri(amino)methane by treatment of an orthoformic ester 
with ammonia, much research has been devoted to this class 
of compounds. 
Buszand Kêkulê2 named these nitrogen analogs of ortho-
acids orthoamides (although the title of their article 
erroneously read "Othoamide"), and investigated their syn-
thesis from geminai trichloroalkanes (RCC1,). They publish-
ed the preparation of two compounds which were supposed 
to be piperidine orthoformamide and -orthoacetamide. 
Another "preparation" of the latter compound, starting 
from a ketene acetal,was given by McElvain and coworkers.3 
However, repetition of both procedures by Böhme and Soldán1* 
revealed that no orthoamides had been isolated. 
A third claim for the synthesis of orthoamides, using 
orthoesters as starting compounds, was published by 
Giacalone,5 and later repeated by Wheland.6 Careful exami-
nation of the reaction by Backer7 showed formamidines to be 
the products, just as Wichelhaus1 had isolated and identi-
fied. The work done in Backer's group was summarized in 
Wanmaker's thesis8 in 194 9. Wanmaker proved not only the 
correct structures of the formamidines, but also synthe-
tized the first orthoamide. At the time, the structure 
of this orthoamide could not be proven with the more ad-
vanced techniques which are now available, and Wanmaker 
himself pointed out that elemental analysis was not a very 
reliable base for the structure assignment in this case. 
At the beginning of the sixties Clemens et al.* pub-
lished the synthesis of orthoamides, characterized by 
unequivocal structure confirmation. Their simple method is 
based on the following series of equilibria:10'11 
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Another reaction described by Clemens starts from a 
formamidinium salt and a sodium amide (II). 
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By using lithium amides and aliphatic tetra-substituted 
formamidinium salts, Bredereck12 synthetized in the same 
way aliphatic orthoamides. 
Finally, the reaction of dichlorocarbene with seconda­
ry amines was found to be a useful preparative procedure 
for orthoamides. Clemens9 used sodium trichloroacetate to 
generate the carbene, while Scheeren and Nivard1" generated 
it by dehydrohalogenation of chloroform in strong alkaline 
solution (III) . 
CHCh 
НОСНз 
Γ 1 H N R 2 Γ "Γ < 
•.ССЫ ^ |CI-CH=NR2J CI III 
The adduct of the carbene and the secondary amine, a 
chloromethyleneammonium chloride, can then react either 
with the methoxide ion, or with a second molecule of the 
amine (IV, page 9). The resulting amide acetal and/or 
aminal ester can be converted into the orthoamide by ex­
change reactions according to I. 
The supposition of the occurrence of dichlorocarbene 
as an intermediate seems to be in contradiction with other 
investigations of the reactions between halocarbenes and 
amines. Parham and Potoski13 reported that thermal gene-
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ration of dichlorocarbene from phenyltrichloromethylmercury 
in the presence of N-methylaniline yields two products: 
1-(N-methylanilino)-trichloroethene and 1,1-bis(N-methyl-
anilino)-2,2-dichloroethene, according to V, but no ortho-
amide. 
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In a similar experiment with phenyltribromomethyl-
mercury Saraf11* postulated primary formation of a diamino-
dibromoethene, which reacts further with the excess amine 
under substitution of the bromine atoms to tetrakis-(N-me­
thylanilino) -ethene. 
The nature of the products from reactions between di-
halocarbenes and secondary amines seems to depend strongly 
on the mode of generating the carbene. 
The basic reactions leading to orthoamides have now 
been dealt with. Various articles have been published with 
improvements or minor alterations of these reactions. 
Among them, the elegant one-pot-synthesis of ortho-
amides developed by Cuvigny and Normant 1 5 deserves to be 
mentioned separately; it starts from lithium, a secondary 
amine and a trialkylorthoformate. The use of hexamethyl-
phosphorustriamide (HMPA) as the solvent is a prerequisite 
for the success of this reaction, while benzene must be 
added as a hydrogen acceptor (VI). 
12 Li • 12 НЫ(СНз)2 • U Н-С-(ОС2Н5)з • 3 CgHß H M P A > 
VI 
АН-С-р(СНз)Л • 12 LiOC2H5 • 3 C 6H 1 0 
2.2 CATALYSIS 
Clemens et al.* have pointed out that the orthoamides 
prepared from an orthoformate and a secondary amine can be 
isolated in a pure form without recrystallization. Purifi­
cation of aromatic orthoamides will be an arduous task 
because of their very low solubility in many, if not all, 
solvents. For this reason Clemens' preparative method will 
be attractive if the yields can be improved. 
Many reactions involving orthoesters proceed smoothly 
with the aid of an acidic catalyst such as 4-methylphenyl-
sulphonic acid or a Lewis acid.16 This tempted us to repeat 
Clemens' reaction under the catalytic influence of boron 
trifluoride. By continuous evaporation of the formed alcohol 
and occasional removal of the orthoamide by filtration, 
yields could indeed be raised to over 75%. This catalysis 
was only observed, however, with the aromatic amines for 
which Clemens worked out his procedure. 
An experiment with triethylorthoformate and morpholine 
produced some orthoamide, but the yield did not exceed 20%, 
while in the case of piperidine the only product that could 
be isolated in minute amounts turned out to be the forma-
midinium tetrafluoroborate. 
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2.3 REACTIONS 
Reactions of orthoamides are found in many different 
references in the literature. Clemens et al.,9 being the 
first to publish a synthesis of orthoamides, mentioned 
the reactions of these with alkyl and acyl halogenides (VII) 
This reaction is potentially useful for the synthesis of 
tertiary amines, disubstituted amides and formamidinium 
salts. 
NRÌ NRÌ 
1
 ι 2 /' e H-C-NR¿ • Rz-X »H-C;© Χ • R£-NR2 1 » θ2_» ^ LJ_/«'«a ν * о2_шп1 VII 
• ι V* 1 
NRj NR2 
Bredereck also carried out some reactions with ortho­
amides; e.g. the syntheses of alkyne aminals and of di-
aminoacetonitriles have been carried out with an ortho-
amide. However, it was not really his intention to investi­
gate the chemistry of orthoamides in general,17 and the 
major part of Bredereck's work is devoted to the chemistry 
of amide acetáis and aminal esters (VIII). 
NR2 NR2 
H-C-Z • H-C = R2 -*· H-C-C = R2 • HZ V I 1 1 
1
 ι ' ι 
NR¿ NRj 
Ζ=ΝΡ2;01Βυ R2= = N ; = C - C 4 H 9 
Reactions of orthoamides with other carbon acids have 
been reported by many authors.17'16'19 Among these the 
reactions with hydrogen cyanide raise a question about the 
exact nature of the product, which may be either a forma­
midinium salt (as in VII) or an aminal (as in VIII). 
Bredereck considered his compounds HCÍNR-^CN a s 
aminals of formyl cyanide. Molecular weight determinations 
reported by Seefelder20 are in better agreement with the 
structure of a formamidinium salt, but such ionic compounds 
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are in general only soluble in polar solvents; HC(NR2)2CN 
dissolves, however, in apolar solvents such as ether. 
Similarly, other diaminoacetonitriles, which have been 
known even longer, have also not been described as forma-
midinium salts. For instance, dimorpholinoacetonitrile, 
obtained by Erickson21 from morpholine and an excess of 
liquid hydrogen cyanide (IX), the corresponding pyrrolidino-
and piperidino derivative, synthetized by Seefelder in the 
same way, and bis-(N-methylanilino)-acetonitrile, which was 
prepared by the same author from the relevant orthoamide 
and hydrogen cyanide. 
N 0 
2HN 0 • 2HCN—»-H-C-CN • NH3 IX 
In this connection it is worth mentioning that Winberg 
et al.11 converted dipyrrolidinoacetonitrile into a tetra-
aminoethene (X) by heating, a reaction unlikely to proceed 
with formamidinium salts. 
α 
Ν' Π Ν Ν 
ι д L, \ / vJ 
2 H-C-CN * C=C • 2HCN Û •• ' U [У
For this reason we investigated this reaction with 
several other compounds, viz. dimorpholino-, dipiperidino-
and bis-(N-methylanilino)-acetonitrile. These were prepared 
from orthoamides and acetone cyanohydrin; a simple method 
having the advantage that the employment of large quantities 
of (liquified) hydrogen cyanide could be avoided. This 
same cyanohydrin also yielded the formamidinium cyanide 
upon treatment with a secondary amine (compare Seefelders 
procedure), but the yields were rather low. 
Attempts to convert these compounds into tetraamino-
12 
ethenes by heating did not succeed. In neither case was any 
ethene obtained; the compounds appeared quite stable at 
temperatures up to 250 . 
We then tried to convert the cyanides into the ethenes 
by treatment with a strong base (sodium hydride), but this 
reaction also failed. 
Many other reactions described by Bredereck for aminals 
of tert-butyl esters, also occur with orthoamides, e.g. the 
reaction with activated methyl groups22 (XI). 
^
R2 — R ^ H 
H-C-Z + НэС-(Г))-М02 — C = C + HNR2 + HZ xi 
N02 
ζ = Ш г ^ в и 
Through serendipity, we found that with the more 
reactive orthoamides, even less acidic methyl groups could 
give rise to a similar reaction, -i.e. acetonitrile (XII). 
H-C-[NQ>]3 -^Щ* C N " C H = C H " C N + 2 H 0 X I I 
The limits of this reaction, such as the acidity of the 
methyl protons or the reactivity of the orthoamide, were 
not determined; especially since the more easily accessible 
trimorpholinomethane appeared not reactive under the same 
conditions. 
2.4 CHLORAL AMINALS; SYNTHESES 
According to Clemens,9 the reaction of Ν,Ν'-dimethyl-
Ν,Ν'-diphenylformamidinium tetrafluoroborate with sodium 
trichloroacetate give 2,2-bis-(N-methylanilino)-1,1,1-tri-
chloroethane (XIII). 
13 
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This substance, an aminai of chloral, closely resembles 
an imidazolidine derivative prepared by Wanzlick and 
Schikora23 from chloral and a diamine (XIV). 
C6H5 
I 
Н2С-МН-СбН5 CL H2C-N H 
I • Ч - с с і з — > I У ' * H20 x iv 
НгС-мн-СеНб и НгС-м ссіэ 
CeHs 
Lachmann and Wanzlick21* reported an unexpected result 
when this imidazolidine was heated: it gave rise to a tetra-
aminoethene. 
As a more systematic study of this class of compounds 
has not been made, we tried to synthetize a larger number 
of these chloral aminals, and to investigate their chemical 
behaviour. 
In the reaction published by Clemens (XIII), which 
starts from the formamidinium salt, it seems likely that 
the trichloroacetate of this salt is an intermediate. One 
of the possible synthetic pathways to formamidinium salts 
is the treatment of an orthoamide with one equivalent of 
an acid. Therefore, a possible synthesis of the assumed 
intermediate trichloroacetate seemed to be the treatment 
of an orthoamide with free trichloroacetic acid (XV). 
/ N R 2 
Н-С-[МІ?2]з • ССІзСООН—»·ΗΝΡ2+ Η-C ( ССІЭСОО9 Х 
Performing this reaction with trimorpholinomethane, 
we were able to isolate this trichloroacetate. During the 
14 
determination of its melting point, however, it Lost carbon 
dioxide between 6 0 and 80 . The remaining liquid crystal­
lized on cooling and appeared to be the morpholine aminal 
of chloral (XVI). 
H - C - [ N ^ 0 ] 3 СС'ЭСООН, н-с (β ^ с с і , с о о 
Ν О 
^Ν О 
-^-> Н-С-ССІз XVI 
^ Ν О 
With tris-(N-methylanilino)-methane a similar reaction 
occurred, yielding the same chloral aminal as described 
by Clemens. With tripiperidinomethane though, the only 
product that could be isolated was the formamidinium 
chloride. 
An anomaly in the NMR-spectrum of some orthoamides 
suggested another synthesis of chloral aminals. Trimorpho-
linomethane is soluble in chloroform without reaction; the 
NMR-spectrum in deuterochloroform is consistent with its 
structure. 
On the other hand tripyrrolidinomethane gives a 
vigorous reaction with chloroform, yielding the pure forma­
midinium chloride (XVII). 
2 H-c- [ Ν ^ Ί ] , + снсіз —». 3 н-сС· __ сі XVII 
Tripiperidinomethane can be dissolved in and regained 
from chloroform; yet the NMR-spectrum indicates that in 
this solvent it is in equilibrium with another compound: 
the methine proton of the orthoamide adsorbs (in deutero­
chloroform) at δ 3.1, while the signal of the other com­
pound appears at δ 3.Θ. This phenomenon is not observed 
in other solvents. 
It turned out that very pure orthoamides do not 
15 
exhibit this behaviour. The reaction could be catalyzed by 
small amounts of secondary amides: urea derivatives or carba-
mic esters. By addition of such a catalyst to a chloro­
form solution of tripiperidinomethane, slow evaporation of 
the solvent under diminished pressure, and repetition of 
these procedures a few times, it was feasible to isolate 
the chloral aminal from the initial equilibrium (XVIII). 
Н-С-[і/~Л]
э
 • СНСІз ;=* Н-С-ССІз • Η Ν ) XVIII 
We ascribe the catalysis of this reaction to the 
remaining proton on the nitrogen atom of the catalyst, e.g. 
NjN-pentamethylene-N'-phenylurea (XIX). 
C6H5-N-C0-I^O 
н-с-[гГ>]3 
CeHs-N-CO-N^) 
H-C-O СНСІз 
CeHs-N-CO-lO 
H ^ V 
CCI3 
H 
XIX 
The acidity of this proton is crucial; with acetanilide 
the reaction is slightly faster, but with methyl N-phenyl-
carbamate the reaction is slowed down considerably. 
In this manner it was also feasible to prepare the 
trichloromethyl derivative of tris-(dimethylamino)methane. 
2.5 CHLORAL AMINALS; REACTIONS 
Since Lachmann and Wanzlick21* have already reported 
the occurrence of α-elimination on heating a cyclic chloral 
aminal, yielding a tetraaminoethene derivative (XX), an 
extension of this method looked like a promising way to 
synthetize tetraaminoethenes. 
Heating of non-cyclic diaminotrichloroethanes, however, 
yielded only the corresponding formamidinium chlorides, 
16 
together with tarry material. 
СбН5 ( ¡ :6н 5 ç6H5 
X — * — Γ χ Π anecia xx 
C6H5 C6H5 C6H5 
The stoicheiometry of this reaction indicates the loss of 
dichlorocarbene (XXI). 
но 
9
 4 ^ н-с-ссіэ »· H-c·· α θ + [^ ссіг] χχι 
ι
 ч 
Ö 
Many attempts to capture the carbene with a variety 
of (activated) double bonds (cyclohexene, dihydropyran, 
indene) failed to show the formation of any cyclopropyl 
or ring-enlarged product. Chloroform could be isolated from 
the reaction mixtures, and, as the presence of proton 
donors cannot be excluded, this might explain the fate of 
the dichlorocarbene. On the other hand, it is known from 
literature that dichlorocarbene can form ylids with tertiary 
amines,25 which are present in the starting compound. 
Possibly this explains the formation of да. 50% formamidi-
nium salts, chloroform and the presence of the tarry products. 
The reaction with tertiary amines is the basis of the 
Fujiwara-test for haloforms, halocarbenes and halocarbene 
precursors. A modified procedure26 of this test consists 
of mixing the compound with pyridine and some sodium 
hydroxide solution. If a pink to red color develops after 
1-2 minutes of shaking at room temperature, a haloform is 
present. If the color only appears after heating to 100 
for 1 minute, a source of a halocarbene is present. 
When this procedure is applied to chloral aminals, a 
deep red color develops as is to be expected because of 
the CCI, group. Heating the chloral amina! XXI-A with pyri­
dine to 100 without the addition of base (i) also gives 
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a positive reaction, a strong indication of the presence of 
dichlorocarbene under these circumstances. The positive reac-
tion does not occur with chloroform, pyridine and a secondary 
amine, e.g. piperidine, as the added base. 
Treatment of non-cyclic chloral aminals with potassium 
tert-butoxide leads to the products of the normal 0-elimina-
tion which Wanzlick expected, but did not find (XXII). 
,0. 
^ , (T^ N CI 
Ì ._. К0*Ви ^ \_ J 
H_c_ccl3 _ к о ^ - W 
9 
The dichloroketene aminals obtained in this way were 
identified either by comparison with physical data from 
the literature or by mass-spectroscopy. In the case of the 
morpholino compounds its structure could also be proven by 
addition of ethereal hydrogen chloride, yielding the ex­
tremely water-labile acetamidinium salt, which gave a di-
chloroacetamide upon hydrolysis (XXIII). 
ON CI (S~U
 1 , и xxTTT 
=С
ч
/
 * СІ вЬ-СНСІг ^ > 0
ч
 N-C-CHClj 
0 N Cl ON 
\ I \ ' 
Dichloroketene aminals were obtained before by Parham 
and Potoski13 from the reaction of a secondary amine with 
dichlorocarbene, generated by thermal decomposition of 
phenyl(trichloromethyl)mercury (V; XXIV). 
HNR2 *СбН5НдСС1з ~
С
и
6
"Д
Н 9 С 1
 > R2N-CCt=CCl2 • (R2N)2C=CCl2 XXIV 
Parham himself postulated an intermediate formamidi-
nium salt, which would react with dichlorocarbene "or its 
precursor" (XXV). 
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(R2N)2CHCl.HCl+ 3:CCl2 — * (R2N)2C=CCl2 • 2 НССІэ χ χ ν 
A 
Compound XXV-A, postulated by Parham, is of course no 
other than a formamidinium chloride with an extra molecule 
of hydrogen chloride, which is unlikely to be associated 
with it. Parham also carried out an experiment with pure 
formamidinium iodide, prepared as by Clemens, and phenyl-
trichloromethylmercury. He obtained the same dichloroketene 
aminal (XXVI). 
н
_ MCHaíCeHs
 ¡ e с . н . н д с с ц ,
 [ С б Н 5 ( С Н э ) м ] 2 С = С С І 2 X X V I 
N(CH3)C6HS 
Our results suggest that this reaction is not produced 
by the interaction of the formamidinium salt with dichloro-
carbene, but with its precursor, the trichloromethyl anion, 
and subsequent elimination of hydrogen chloride under the 
influence of the same basic anion (XXVII). 
.NR2 Y R 2 
H - C Í · сі • с с і э — » Н - С - С С І з • ci 
NR2 NR2 
XXVII 
NR2 
н-с-ссіэ • СбН5ндсаэ -*« (R2N)2C=cci2 • CsHsHgci • нсаэ 
NR2 
The fact that treatment of a secondary amine with a 
twofold excess of sodium methoxide and chloroform does not 
yield any of the products found by Parham, indicates the 
validity of this mechanism without intermediate dichloro-
carbene being involved in this case. The same holds for the 
decomposition of sodium trichloroacetate in the presence 
of N-methylaniline, which yields only the orthoamide.9 
The anomalous behaviour of the cyclic trichloromethyl 
compound of Wanzlick must be ascribed to the NjN'-diaryl-
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imidazolidine ring, not to the trichloromethyl group. This 
type of ring compounds is known27 to react differently than 
other aminals. E.g. Ν,Ν'-diphenylimidazolidinium Perchlorate 
is the only formamidinium salt which yields a tetraamino-
ethene directly upon treatment with a base,27 perhaps 
because intermediate diaminocarbenes containing this ring 
are relatively stable. Other salts require more vigorous 
conditions (see chapter 7). 
2.6 EXPERIMENTAL SECTION 
a
· 2££hoamides 
One mole of triethyl orthoformate was mixed with 3 
moles of N-methylaniline. After addition of 1 ml of BF,-
etherate, the mixture was slowly heated while the alcohol 
was distilled via a long Vigreux column (1.5 m) under reduced 
pressure (σα. 50 cm Hg). The orthoamide separated gradually 
and was filtered regularly to prevent bumping. After every 
filtration a new portion of the catalyst was added. The 
isolated tris-(N-methylanilino)-methane was washed with ether 
and dried. Yield 75-80%; m.p. aa. 260O(dec.). 
The same procedure, carried out with morpholine as 
the amine, yielded about 20% of trimorpholinomethane after 
distillation of σα. 2 moles of ethanol and pouring the resi­
due in ether. 
m.p. 160° (lit:10 160-162°); NMR (CDCI3): 3.63 m 12H; 
3.23 s IH; 2.73 m 12H; 13C-NMR (CDC13): 98.9; 67.1; 50.0. 
b· f2í!D5íDÍ¿ÍSÍyíD_SY5DÍ^ e§ (diaminoacetonitriles) 
dimoppholi-noaoetonitvLle 
27.1 g (0.1 mole) of trimorpholinomethane was dissolved 
in 100 ml of chloroform. Under stirring 8.5 g (0.1 mole) of 
acetone cyanohydrin was added dropwise. After stirring for 
1 hr, the solvent was evaporated at reduced pressure and the 
residue washed with dry pentane. 
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Yield 19-3 g (91%) of dimorpholinoacetonitrile; m.p. 124-125° 
(lit.:21 123.5-124.5°)? NMR (CDClj): 3.7 s IH; 3.6 m 8H; 
2.6 m 8Н. 
di.p'L'peridinoaaetonitr'ile 
The same procedure as above was applied to tripiperidino-
methane. Yield of dipiperidinoacetonitrile 90%; m.p. 49-50 
(lit.:20 50-52°). 
bis-(N-methyІапгlino)—aaetonitrile 
The same procedure as for the morpholino derivative was 
used, but stirring was continued until the orthoamide had 
dissolved (σα. 24 hr). After recrystallization from pentane 
75% yield of bis-(N-methylanilino)-acetonitrile; m.p. 81-82° 
(lit.:20 82-84°); NMR (CDClj): 7.4-6.7 m ЮН; 5.8 s IH; 
3.0 s 6H. 
c . r e a c t i
:
o n _ o f „ t r i g i ^ e r i d i n o m e t h a n ^ w i t j ^ a c e t o n i t r i l e 
Tripiperidinomethane (2.7 g; 0.01 mole) was refluxed 
in 10 ml of acetonitrile, until the mixture upon cooling to 
room temperature remained liquid (σα. 12 hr). 100 ml of 
pentane was added and pentane was distilled off until no 
more acetonitrile came over in the azeotropic mixture. The 
remaining pentane layer was filtered and the solvent evap­
orated. The residue was distilled in a ball-tube apparatus, 
yielding 1 g (74%) of (E)-3-piperidinoacrylonitrile: b.p. 
125° (1 mm); m.p. 55-57° (lit.:28 118-120° (0.5 mm); 57-58°); 
NMR (CDC13): 6.7 d IH (J = 12 Hz); 3.8 d IH (J = 12 Hz); 
3.1 m 4H; 1.6 m 6H. 
d. çhloral_aminals (diaminotrichloroethanes) 
dimorpholinobriahlovoethane 
Trìmorpholinomethane (30 g; 0.11 mole) was suspended 
in 150 ml of tetrahydrofuran and cooled in ice. A solution 
of 18 g (0.11 mole) of trichloroacetic acid in 30 ml of the 
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same solvent was slowly added, the temperature being main­
tained under 10°. After the addition the solvent was decanted 
and the residue washed twice with dry ether. The remaining 
ether was evaporated at reduced pressure. The obtained tri-
chloroacetate was warmed in a water-bath at 75 until no 
more carbon dioxide was produced and the mixture had liqui­
fied. The resulting chloral aminal was washed with ether. 
Yield 23.5 g (80%); m.p. 66-68°; NMR (CDCI3): 3.7 s IH; 
С10 Н17 Ы2 О2 С 13 (303·6) calculated 39.56% С, 5.64% H, 9.23% Ν; 
found 40.04% С, 5.82% Η, 9.61% Ν. 
bia-Oì-methy Zani tino ì—triohloroethane 
This compound was prepared according to Clemens 
as well as via the procedure mentioned above for the morpho-
lino derivative. Yields resp. 65 and 60%; m.p. 80-81° 
(lit.:9 82-84°); NMR (CDClj): 7.3-6.6 m ЮН; 5.9 s IH; 3.2 
s 6H; C 1 6H 1 7N 2C1 3 (343.7) calculated 55.92% С, 4.99% H, 
8.15% Ν; found 55.70% С, 4.95% Η, 8.62% Ν. 
dipiperidinotrichloroethane and bis-(dimethylamino)-tPÌ-
ahlopoethane 
The appropiate orthoamide and 5 mole-% of N,N-penta-
methylene-N'-phenylurea were dissolved in excess of dry, 
ethanol-free chloroform. After standing for 6 hr, the sol-
vent was slowly evaporated at room temperature and at re-
duced pressure. Again chloroform was added and the procedure 
was repeated three times. After the last evaporation, petro-
leum ether (b.p. 40-60 ) was added to the residue, and the 
catalyst was eliminated by filtration. Evaporation of the 
solvent yielded the chloral aminals as oils, in oa. 60%. 
dipiperidinotrichloroethane: NMR (CDC1,): 3.83 s IH; 3.0 m 
8H; 1.6 m 12Н. Mass spectrum showed the M peak at 298, with 
a clear pattern of three chlorine atoms. 
bis-(dimethylamino)-trichloroethane: NMR (CDCl,): 3.85 s IH; 
2.6 s 12H. Mass spectrum: M 218. 
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Heating âipiperidinotrichloroethane under reduced 
pressure to 130 yielded aa. 25% of chloroform in the dry-
ice trap. In the remaining tarry residue about 50% of the 
formamidinium chloride could be detected by NMR techniques. 
Performance of this experiment in the presence of the 
carbene trapping agents (as indicated before) gave the same 
results after the trapping agents had been distilled off: 
formamidinium chloride, unseparable from the tarry products. 
f· Éi2îîi2E2aiËi?iD2Ë£î}êDË5 (dichloroketene aminals) 
dimorpholinodiohloroethene 
A solution of 2.6 g (24 mmoles) of potassium tert-
butoxide in dry tetrahydrofuran was added dropwise to a 
refluxing solution of 5 g (16.5 mmoles) of dimorpholino-
trichloroethene in 60 ml of the same solvent. After the 
addition, heating was continued for 3 hr; after cooling and 
filtering, the solvent was evaporated at reduced pressure. 
Recrystallization from pentane yielded 3 g (60%) of di-
morpholinodichloroethene. 
m.p. 53-55°; NMR (CDClj): 3.0 and 3.6 m 1:1. Mass spectrum: 
M 266, with the pattern of two chlorine atoms. 
dipipevidinodiahloroethene 
The same procedure as above was used; the residue was 
extracted with pentane. Evaporation of the latter yielded 
the oily ketene aminal. 
NMR (СОС13): 3.0 and 1.5 m 2:3. Mass spectrum: M
+
 262, with 
the pattern of two chlorine atoms. 
9· ÎîZ§E2iZËè5_2i_âiS2ï!Eiiolinodichloroethene 
Dry, gaseous hydrogen chloride was passed into a 
solution of the ethene in dry ether. A white solid separated: 
the extremely hygroscopic dichloroacetamidinium chloride, 
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identified by its NMR spectrum (in CDCl-,: 6.2 s IH). 10 ml of 
water was added and after stirring for half an hour, the 
ethereal layer was separated, dried over anhydrous sodium sul-
phate, and the solvent was evaporated. The residue was re-
crystallized from carbon tetrachloride. Yield 75% N-dichloro-
acetylmorpholine; m.p. 64-65°; NMR (CDC13): 6.25 s IH; 3.6 
br 8H; identical with an authentic sample prepared from 
morpholine and dichloroacetyl chloride. 
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C H A P T E R 3 
ORTHOAMIDES 
Reactions with electron-deficient double bonds 
Base catalyzed reactions of cyano-substituted ethenes 
with nucleophilic reagents are well known in the lite­
rature;1'2'3 they give rise to either substitution (I) or 
addition products (II), depending on the substitution pat­
tern of the electron-poor olefin. 
NC CN ^ р ^ e ^ N ^ Ç N V ^ C N 
Ar rw « Ar CN Ar CN A
'X C N^»NC-Mi? -ig!-» NC^ -J-
H CN H CN ~ C N H CN 
H II 
Because of their tendency to form the very stable formami-
dinium ions, orthoamides behave as strong nucleophiles. 
This should make them reactive partners in similar con-
versions with electron-poor ethenes. 
Indeed we found the same type of substitution in 
reactions of orthoamides with a variety of electron-poor 
olefins, e.g. those with a better leaving group than NRj 
on the 3-carbon atom and two cyano groups on the α-carbon. 
In all these cases the olefin could easily be converted 
into a substituted enamine (III). 
Besides these 1,1-dicyanoethenes (III), other electron-
poor olefins also exhibited this substitution reaction (IV). 
In one experiment with the electron-deficient acetylene 
dicarboxilic methyl ester, however, no addition to the 
triple bond occurred, but only aminolysis of one ester 
function (V). 
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NR? X CN NR2 R2N CN 
H-Ç-NR2 • Ж > H-Ç-X • > = < 
NR2 Y CN ta Y CN 
I I I 
NR 2 : X; Y: 
N ( C H 3 ) 2 X = Y = CN 
N ( C H 2 ) 4 X = OCH3; Y = H 
N ( C H 2 ) - X = Y = OC2H5 
N [ ( C H 2 ) 2 ] 2 0 (= if^O) X = N ( C H 3 ) 2 ; Y = H 
H5C2OCO CN H5C2OCO CN 
NC COOC2H5 Rfí ^CœC2H5 
NR2 H5C2O COOC2H5 R2N COX 2 H 5 
H - C - N R 2 • H CN H CN I v 
I 
NR2 NC-CH=CH-CN > R2N-CH=CH-CN 
N C ^ ^ C N N C / ^ ^ ^ ^ N R 2 
H-C-[N^]3 • НзСОСХЕССООСНз 
H-C-[N^)]2 • Q j - 0 0 0 2 0 0 0 0 0 4 * 
ОСНз 
In none of the reactions given in the schemes III and 
IV , could the occurrence of an intermediate be detected. 
It seems plausible, however, that the substitution occurs 
via an ionic intermediate (Via), similar to the mechanism 
given in I. 
A further completion of the addition to an aliphatic 
intermediate, from which the final products would arise 
via a (concerted) elimination (Vlb), cannot be ruled out. 
The high stability of formamidinium ions, as well as of 
the amino-cyanoethenes (push-pull ofelins I) are strong 
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arguments in favour of pathway Via. 
NC CN 
X 
NC CN 
R2N-C-NR2 
H NR2 
CN CN 
ÇN CN R2N 
R2N-^ <;e >>-н 5=^ 
CN CN R2N 
R2N CN R2N 
NC
 +
 CN R2N 
CN 0 
R2N-
NC % V 
-CN 
R2N \ 
lb " 
VI 
R ^ CN 
X 
NC CN 
• 
R2N 
I 
NC-C-H 
I 
R2N 
The reactions described so far for orthoamides could also 
be carried out with aminals (VII). 
У
2
 НзСО CN 
C6H5-CH • )^< 
¿R, H CN 
^
2
 R2N CN 
C6H5-CH + > = < 
L·,, H C N 0CH3 
VII 
In general, aminals are less prone to react, and so 
longer reaction times, higher concentrations and/or higher 
temperatures are required. This last mentioned condition 
prevented the reaction when the starting ethene was un-
stable at higher temperatures; e.g. fumaronitrile gave 
only polymeric products. 
The preceding examples show that even a weak leaving 
group (-OR) in the (3-position of an electron-poor olefin 
is replaced by an amino group. It was therefore anticipated 
that the isolation of addition products from orthoamides 
and electron-deficient ethenes should only be possible by 
starting from olefins without ß-substituents with leaving-
group character, e.g. ß-aryl of ß-alkyl substituted dicyano-
ethenes. In these cases formation of a propane derivative 
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(Vili) or, by subsequent elimination of hydrocyanic acid, a 
propenamine might be expected. 
Ar CN Ar ÇN NR2 
н-с-[ш2]з • X -^R 2N-|—| |-H VIII 
H CN H CN NR2 
Surprisingly enough, the results of such an experiment 
were similar products as in the previous substitution 
reactions (IX). 
K I D . 
Ar CN R2N CN 1 2 
H-C-[NR2]3 • X *• X • Ar-ÇH 
H CN H CN I 
NR2 
IX 
Again, this reaction appeared fairly general; in all 
cases listed in scheme X an aminal and a dicyano-substituted 
enamine were formed. 
R2 CN RlN CN R? NR12 
H-C-CNRJ],
 + W - ^ 2X + X 
R3 CN H CN
 R3 NR12 
1 2 3 
NR^: R ; R : 
N(CH3)2 R2 = H; R3 = aryl 
N(CH-). R2 = R3 = C,HC 
2 4
 2 3 б 5 
N(CH 2) 5 R^  = H; R-
3
 = (CH3)2CH-
N[(CH 2) 2| 2O R2 = R3 = -(сн215-
R2 = H; R3 = C6H5-CH=CH-
In the reactions of orthoamides with 1,l-diphenyl-2,2-
dicyanoethene and with cyclohexylidene malodinitrile it 
appeared that both ß-substituents present in the starting 
olefin are recovered in the aminal. Thus, the reactions 
proceed as given in schemes X and XI. 
30 
The last example mentioned in scheme X is of interest: 
of the two double bonds present, only one is attacked. No 
dicyanobutadienamine is formed and the orthoamide affects 
only the dicyanovinyl part of the molecule. Just as in the 
substitutions (III) the orthoamides in X could be replaced 
by aminals when more forcing reaction conditions were applied. 
But then in several cases the reaction led to an equilib-
rium as could be expected in view of the symmetry between 
starting compounds and products. 
2 3 2 3 
From the examples in X (R = R = CgHr and R , R = 
-(CH-),-) it is clear that the reaction does not proceed 
similarly to the substitutions previously described, but 
as a dicyanomethylene transfer reaction in which the double 
bond of the starting ethene is broken. Such an exchange of 
an arylmethylene group has previously been described by 
Patai and Rappoport1* (XII) . 
Ar C00C2H5 ÎN Ar CN ?00C'HS 
>=*( • СН *> >=< • ©CH XU 
H C N
 ¿N C N ¿N 
It appears that the rate of the reactions depends on 
the nature of the orthoamide used. Among orthoamides having 
varying amino functions, tripyrrolidinomethane reacts 
smoothly at room temperature, but trimorpholinomethane 
requires heating and longer reaction times. With respect to 
the dicyanoethenes, the ring-substituted benzylidene malo-
dinitriles react faster as the substituent has stronger 
electron-withdrawing properties. So it seems that not only 
the nucleophilicity of the orthoamide, but also the stabil-
ity of the push-pull ethene which is formed, is a driving 
force in the conversions. 
The influence of the product stability was furthermore 
emphasized by the reactions of substituted benzylidene 
malodinitriles with benzaldehyde aminal (XIII). The 
equilibria which arise have been shifted to the side of the 
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most stable push-pull ethene. 
XIII 
^2 ^CN CN NR2 
C6H5-CH • S-C6H4-CH=c' =^i СбН5-СН=С^ • S-СбЩ-СН 
NR2
 C N C N
 NR2 
The syntheses of aminals (and consequently of enamines) 
directly from an aldehyde5 or a ketone and an orthoamide 
(XIV) is an example of the exchange of a carbonyl oxygen for 
a carbonyl masking group, v-Lz. the aminal function. 
XIV 
VR2 ^0 ^0 yR2 
H-C-NRI + R 2-C *· H-C^ • R2-C-NR1, 
m\ R NR2 R 
The dicyanomethylene transfer is a further illustration 
of the analogy (XV) between a carbonyl oxygen and the di­
cyanomethylene group, as recently reviewed by Wallenfels 
et at..6 
XV 
ÏR2 . . ^C(CN)2 ^ C ( C N ) 2 ^ 
H-C-NR¿ + R2-C » H-C + RZ-C-NR} 
NR] R3 NR12 R3 
The formation of aminals as in XIV and XV is related 
to the reaction of carbonyl functions with metal amides7 
(XVI). 
/ 0 ^NR2 
2 H - C ' • TUNR2)4 » 2 H - C — N R 2 • T¡02 XVI 
^NRÎ ^NR2 
This transamination is not restricted to the use of 
titanium amide, for amides of arsenic8 and antimony9 have 
also been applied successfully. The proposed reaction 
mechanisms are in every case similar. These propositions 
together with the influences of the cimino group of the 
orthoamide and the substituents in the starting ethene, 
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suggest the following reaction scheme as a probable expla­
nation for the dicyanomethylene transfer (XVII). 
ml 
ι 
1 — u — η 
• 1 , 
NR¿ 
+ ; = i 
R3 CN 
>< R* CN 
~~-
R3 CN ¡NR] 
R2N (¿ ®:с-н 
R< CN 
1Lb 
R
^ : NC 
[}Э_г'в ri\__ 
К L ι S;y— 
_ i. NC' 
R2 
m\ 
R2 
^ R I N - ^ -
R 3 R 4 CN 
R;N ^  
4 
-CN 
-H 
V 
R2 
X V I I 
CN 
^ R^N+R3+ χ 
Η CN NR¿ 
The driving force in the ionic pathway (XVIIb) as well 
as in the four-centre rearrangement (XVIIa) is the formation 
of the more stable push-pull ethene. 
Although it is not easy to differentiate between the 
polar route and the rearrangement, the reaction with ortho-
,2 
Νίφ amides seems to favour the latter (XVIIa; R 
In the ionic pathway, the conversion of a stable form-
amidinium ion into a less stable iminium ion will be a 
difficult step, especially when the aryl group (e.g. R ) 
contains an electron-withdrawing substituent (e.g. R = 
p-NC^-CgH^,) which has however, an accelerating influence. 
Therefore, the addition step may go more to completion than 
in the substitutions (III) , and the reaction is completed 
via a non-polar four-centre rearrangement. 
Depending on the ethenes involved, the intermediate 
XVIIa can rearrange into the starting compounds or into 
the products. A similar mechanism can explain the reaction 
of orthoamides with carbonyl compounds, in view of the 
before mentioned analogy between a carbonyl oxygen and the 
dicyanomethylene group. 
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Data concerning the equilibrium constants for reactions 
between substituted benzylidene malodinitriles and benzalde-
hyde aminal have been used to obtain deeper insight into the 
electron distribution in push-pull ethenes. To this end the 
equilibrium concentrations were measured with NMR-techniques, 
and from these K-values were calculated. Plotting the log 
K-values against the σ-values for the substituents as given 
by Swain and Lupton, 1 0 gave a straight Hammett-plot (r = 
0.987) with a value for ρ of 3.0. 
This value points to a strong stabilization of the 
push-pull ethene by polarization (XVIII). 
Ar CN Ar J:N 
^C = C ·*—> ©C-C!'© XVIII 
H CN H CN 
In the literature some reactions are found 1 1 with a 
p-value in the same order of magnitude/ e.g. the formation 
of cyanohydrins from (substituted) benzaldehydes,12 and 
the basic hydrolysis of benzoate esters 1 3 (p-values 2.3 and 
2.2 respectively) (XIX). 
0 
O0 CN0 · CeHs-C > CsHs-C-H 
CN 
о
0
 он ? 
СбН5-С > СбН5-С-ОС2Н5 
OC2H5 он 
Both these reactions share the property that a (partial) 
positive charge on the α-carbon atom, caused by polariza­
tion of the double bond, is neutralized in the reaction 
step. 
The large value of ρ in our reaction indicates that 
in the ethenes the charge polarization may even be stronger 
than in aldehydes; the ethenes can be considered as com­
pounds having substantial zwitterionic character. 
XIX 
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Graph 1. Hammett-plot for reaction XIII. 
Aminals are usually synthetized by reacting a car-
bonyl compound with an excess of an amine under continuous 
removal of the formed water (water trap, dehydrating agents) 
In those cases where this is not feasible, the detour via 
the corresponding dicyanomethylene compound might be a good 
alternative. 
For instance, cinnamaldehyde reacts with morpholine 
under the formation of an 1,3-diaininopropene derivative1^ 
(XX). Reaction of the aldehyde or its dicyanomethylene 
derivative with the orthoamide trimorpholinomethane yields 
the aminal. 
C6Hs-CH = CH-CH=0 
HNJ) 
H2C(CN) 
H C [ N " O ] 
* СбН5-СН-СН = СН-М 0 
ó 
3
-*- C 6 H 5 - C H = C H - C H - [ N 3 : , ] 2 XX 
C6H5-CH=CH-CH=C(CN)2 
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Benzophenone aminai cannot be obtained directly from 
the ketone, either with an amine, or with an orthoamide. The 
dicyanomethylene derivative, however, yields the aminal 
upon treatment with an orthoamide (XXI). 
CeHs^ H f O 
C = 0 — *> 
СенГ 
\ HctrTH 
H2C(CN)2^ X> XXI 
СбН5^ ^CN H C [ N 3 ] 3 CeHg^ ^tT) 
c=c > С
 Γ
-
χ 
C6H5^ ^CN C6H5^ ^ N^J 
The advantages of this route are the easy accessibility 
of the necessary dicyanoethenes via Knoevenagel condensa­
tions,15 and the simple method of isolation of the aminal 
by extraction of the reaction mixture with pentane, in which 
the other products are insoluble. 
EXPERIMENTAL SECTION 
ËD§_§îDiDâi§ 
The ethene and the orthoamide or aminal were stirred 
in the solvent, for the time and at the temperature indicated 
in tables A and B. 
After evaporation of the solvent, the residue was ex-
tracted with pentane; the ethenes, being insoluble, are thus 
isolated in nearly quantitative yield, usually over 80% pure. 
Sometimes distillation or recrystallization was necessary 
for purification. The aminals, formed as the second products, 
were isolated from the pentane layer and the same purifica-
tion procedures were applied. 
All products were identified by NMR and, if possible, 
by comparison of physical constants with those from the 
literature. 
36 
b· SeÈE£ìBìS§£ì2D_2Ì_Ìb§_§3yìììbrium_constants_of_reactions 
feetween_benzaldehYde_aminal_and_substituted_benz^lidene 
î3ai24iDiÎ£iiëË 
Since the δ-value of the methine proton in ammals 
derived from benzaldehyde is not much affected by the 
substituents present in the aromatic ring, equilibrium con­
centrations for reactions between unsubstituted benzalde­
hyde aminal and ring-substituted benzylidene malodinitnles, 
could not easily be measured by NMR. Therefore, the aminal 
of 4-methylbenzaldehyde was used as the starting aminal, 
since the signals of the 4-methyl group and of the product 
4-methylbenzylidene malodinitnle were easily distinguisha­
ble. 
The K-values determined were reduced to the values for 
the unsubstituted aminal? the results are given in table C, 
together with the σ-value for the substituents involved. 
Graph 1 shows the Hammett-plot, with the straight line 
displaying the best fit, as calculated by the least-squares-
method. 
Procedure: 
1 ml of a 1 molar solution of the dicyanoethene in 
deuterochloroform was mixed with the same amount of a 1 
molar solution of the aminal m the same solvent. The NMR 
spectrum of the mixture was examined daily, until the con­
centrations, as calculated from the integrals of the 4-methyl 
signals, remained constant. 
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Table A 
starting compounds reaction 
conditions 
Products 
NMR-shifts (δ [ppm] from TMS; CDC1,) 
H,CO
v
 CN 
ф-СН-(ОМА)2 
neat 
6h 
RT 
DMA-CH=C(CN). DMA 
ф-СН 
OMe 7.1 s IH; 3.25 d 6H; 
m.p. 81°; lit.:19 82-83° 7.3 m 5H; 4.7 s IH; 3.35 s ЗН; 
2.25 s 6H 
H,CO^ ^CN 
H CN 
ф-СН-Руг2 
CH3CN 
3h 
RT 
Pyr-CH=C(CN)2 
7.7 s IH; 4.2 m 4H; 
2.4 m 4H; m.p. 92°; 
lit.:20 90-92° 
ф-СН(OCH3)-Pyr 
7.4 m 5H,- 4.9 s IH; 3.3 s 3H; 
2.6 m 4H; 2.0 m 4H 
H С О^
 XCN 
C=C^ 
H5C20 CN 
ф-СН-(ОМА)-
CHjCN 
6h 
RT 
DMA
v
 ^CN 
VC=C oil 
C 2H 50" ^CN 
3.6 s 6H; lit.:Z3m.p. 33° 
ф-СН-DMA 
O C2 H5 
DMA 
ф-СН 
CN 
b.p. 55° 
lit.:21 
/1.5 
120-
7.4 
4.9 
2.3 
7.7 
5.1 
2.6 
mm; 
125°/: 
m 
s 
s 
m 
s 
s 
L5 
5H 
IH 
6H 
5H 
IH 
6H 
mm 
H
c
C
o
0C0 CN 
5 2 v
c=c' 
NC 
ф-СН-(DMA)2 
соос2н5 
neat 
6h 
RT 
H
c
C^OCO CN 
DMA 4COOC 2H 5 
4.5 q 4H; 3.6 s 6H 
1.7 t 6H 
ы 
л. Table А - continued 
о 
Starting compounds reaction 
conditions 
Products 
NMR-shifts (δ |ppm| from TMS; CDC13) 
HcCoOCO CN 
NC' vCOOC2H5 
ф-СН-Руг2 
NC-CH=CH-CN 
H-C-Pip3 
THF 
6h 
RT 
H.C^OCO
 XCN 
соос2н5 
Pyr' 
4.5 q 4H; 4.0 m 4H; 
2.3 m 4H; 1.7 t 6H 
Руг 
ι 
φ-ОН 
ι 
CN 
7.7 m 5H 
5.3 s IH 
3.0 m 4H 
2.2 m 4Н 
b.p. 120/1 mm; lit. 152/13 mm 
Η-Ο,ΟΟΟ ^CN 
NO COOC2H5 
H-C-Pip3 
THF 
2h 
RT 
H.C-OCO ^CN 
5
 ¿
 "0=0 
pip' S C O O C 2 H 5 
4.2 q 4H; 1.Θ m 6Н; 
3.6 m 4Н; 1.4 t 6H 
М
+
: 280 
H-C(CN)-(Pip)2 3.6 s IH 
2.6 m 8H 
1.6 m 12Н 
m.p. 50°; lit.:16 50-52° 
THF 
6h 
30° 
,7 d IH] 
,8 d IHJ 
J = 12 Hz 
Pip-CH=CH-CN 
6. 
3.
3.1 m 4H; 1.6 m 6H 
m.p. 56-57°; 
lit.:19 57-58° 
H-C(CN)-(Pip)2 
TABLE A - aontinued 
starting compounds reaction 
conditions 
Products 
NMR-shifts (6 |ppin| from TMS; CDClj) 
NC /CN 
C=C 
NC 4CN 
ф-СН-(ВМА) 
THF 
6h 
30° 
DMA ^CN 
C=C. 
NC CN 
φ-CH-DMA 
CN 
3.55 s 4H; m.p. 132 ; 
lit.:' 134-135 
NC CN 
C=C 
NC' >CN 
H-C-Pip3 
THF 
Ih 
RT 
Pip ^CN 
х
с=с
ч 
NC CN 
3.6 m 4H; 1.75 m 6H; 
m.p. 86-87°; 
lit.:1 86-87° 
H-C(CN)-(Pip) 
NCV .CN 
XX 
NC CN 
H-C-Pip3 
THF 
6h 
RT 
Pip .CN^ 
X X 
Pip CN 
UV-abs(CH2Cl2) 
445 nm; log ε = 4.62 
27 3 ran; log ε = 4.22 
H-C(CN)-(Pip)2 
a: Pyr = N(CH 2) 4 
Pip = N(CH 2) 5 
DMA = N(CH 3) 2 
b: m.p.'s are not corrected 
c: only disubstituted product separated during the reaction 
^ Table В 
to 
starting compounds reaction Products 
conditions (NMR-shifts in ppm from TMS; CDCl, 
CÑ 
@-CH=c/ THF ^-CH-(DMA)2 DMA4 ^CN 
C N
 3h b.p. 102o/l8; 3.4 s IH
 H'
C = CV 
Η-C-(DMA)3 H CN RT 
CN DMA4 ,CN 
Cl-^-CH=C/ THF Cl-^-CH-(DMA)
 2 ^
с = С
ч 
C N
 3h b.p. 1320/45; 3.4 s IH H C N 
Н-С-(ОМА)з
 R T 
CN DMA4 ,CN 
O2N-0-CH=C
/
 THF 02N-Q-CH-(DMA)2 ,
с = С
ч 4CN ,. -..
 nc
o -, ce H CN 3h m.p. 74-76 ; 3.55 s IH 
Н-С-(ОМА)з
 R T 
CN DMA ,CN 
H 3 C ~ 0 " C H = C C T H F H3C-0-CH-(DMA)2 ^C=C4 
CN -,. . , η ^ ο , , , , -, , , „ H CN 
3h b . p . 106 / 1 0 ; 3 . 3 s IH 
Н-С-(ОМА)з
 R T 
Table В - eontinued 
starting compounds 
DMA-^-CH=C 
4CN 
H-C-(DMA.)
 3 
0-сн=с 
4CN 
H-C-(Pip)3 
p-Cl-@-CH=C(CN)2 
H-C-(Pip)3 
p-NO2-0-CH=C(CN)2 
H-C-(Pip)3 
p-CH30-O-CH=C (CN) 2 
H-C-(Pip)3 
reaction 
conditions 
THF 
3h 
RT 
THF 
3h 
RT 
THF 
3h 
RT 
THF 
3h 
RT 
THF 
3h 
RT 
(NMR-shifts in 
D M A _ Q _ C H _ ( D M A ) 2 
b.p. 110O/l; 3.33 s IH 
0-CH-(Pip)2 
m.p. 83°; 3.9 s IH 
р-С1-0-СН-Рір2 
3.55 s IH; b.p. 140o/0.2 
p-N02-Q-CH-Pip2 
4.0 s 1Н;Ь.р. 165o/0.5 
p-CH30-^-CH-Pip2 
3.9 s IH; b.p. 1400/1 mm 
lit.:2', b.p. 123-130O/0. 
Products 
ppm from TMS; CDC13) 
DMA ,CN 
"c=c 
H' 4CN 
Pip-CH-C m.p. 9 2° 
lit.:18 92-93°; 7.3 s IH 
,CN 
Pip-CH=C
 s 
CN 
Pip-CH=C 
4CN 
/CN 
Pip-CH=C 
4CN 
03 
Ы 
it» Table В - aontinued 
starting compounds reaction Products 
conditions (NMR-shifts in ppm from TMS; СОСЦ) 
,CN 
С6Н5-СН=СН-СН=Сч THF C6H5-CH=CH-CH-Morph2 Morph-CH=C(CN)2 
C N
 3h m.p. 81-83°; 7.1 br 5H; 
Η-C-(Morph)3
 r e f i u x 5 i 8 d I H ( j = i 3 H Z ) 
4.4 dd IH (J = 13 and 9 Hz) 
3.6 m 8H; 3.4 d 2H 
(J - 9 Hz); 2.9-2.2 m 8H 
,CN 
VCN 
C 6H 5 ,CN 
Ч
С=С
Л
 THF (CfiHs)?C(Pip)2 
С,H,-' CN ,. .. Ζ. .
 n
„ , 7 .„ Pip-CH=C 
6 5 6h 7.2 s ЮН; 3.4 m 4Н; ^ 
H-C-(Pip)3 reflux 2.7 m 4Н; 1.5 m 12H. 
,CN 
<_,С=С
ч
 THF ÇyPyr 4.2 t IH; Pyr-CH=C (CN)
 2 
C N
 0.5h b.p. 94-960/8; lit.:25 m.p. 90°; 7.7 s IH. 
Н-С-(Руг)з
 R T i07-114
O/12. 
Çfc=C^ ether 0 " p i P 4.6 t IH; Pip-CH=C (CN)
 2 
C N
 3h b .p . 100-102o/8; l i t . : 2 5 
H-C-(Pip)3 R T U2-113 0 / l l . 
Table В - aontinued 
C N
 3h 4.55 t IH; C N 
H-C-(Morph)3
 2 5 l l 7 _ 1 2 0 o / 1 0 - lit.:
28
 149-150°; 7.0 s IH 
starting compounds reaction Products 
conditions (NMR-shifts in ppm from TMS; CDCl-j) 
Q C = C N THF Q-Morph b.p. 80°/.3; Morph-CH=C m.p. 148°; 
 
reflux lit.:25 l7-120o/10. 
(CH^J-CH ,CN Н^С
ч
 ^CN 
^C=C ether ^C=CH-Pip Рір-СН=С
ч 
н'
 4 C N .. Η-,α'
 4CN 
3h 3 
H-C-(Pip)3 b.p. 60
O/l5; lit.:26 520/14 
a: DMA = N(CH 3) 2 
Pyr = N(CH 2) 4 
Pip = N(CH 2) 5 
Morph = N((CH2)2)20 
л. 
l b Table С Equilibrium constants from reaction XIII: 
R1-C6H4-CH-(N(CH3)2)2 + R
2
-C H4-CH=C(CN)2 
aminal ethene 
R1 R2 K1 K 2 K 3 К log К 
Η СН30 0.069 
CH3 СН30 0.28 5 
СН3 Cl 52.0 
СН3 N0 2 654.0 
N(CH 3) 2 СН30 17.25 
к 3/к 2 
КтХКι/К« 
К 3хК 1/К 2 
к 3/к 2 
0.069 
0.242 
= 12.6 
= 158.5 
0.004 
-1.16 
-0.62 
+ 1.1 
+2.2 
-2.4 
-0.27 
-0.17 
+0.23 
+0.78 
-0.83 
C H A P T E R 4 
FORMAMIDINIUM SALTS 
Synthesis 
4.1 INTRODUCTION 
Tetrasubstituted formamidinium salts (indexed in Chem­
ical Abstracts as N-(dialkylaminomethylene)-N-alkylalkan-
aminium salts), can be regarded as the alkylation products 
of trisubstituted formamidines. 
The isolation of such a salt was first reported by 
Vilsmeier and Haack1 in 1927, who obtained Ν,Ν'-dimethyl-
Ν,Ν'-diphenylformamidinium chloride as a second product 
from the reaction between N-methylformanilide and phosphorus 
oxychloride. It was not before 1959 that the first purposive 
preparation of a tetrasubstituted formamidinium salt was 
published. Arnold2 obtained tetramethylformamidinium chloride 
by heating a mixture of dimethylformamide and dimethyl-
carbamoyl chloride (I). 
* P * P 120е ^ ( С Н з ) 2 θ 
H-C • Cl-C > H - C ® Cl • CO2 1 
""NCCHa^ ^N(CH3)2 ^ÑCCHaJj 
Since that time a variety of methods for yielding these 
salts have been published;3-10 but almost all of these have 
only been applied to the preparation of salts with equal 
substituents on both nitrogen atoms, the only exceptions 
being certain aromatic derivatives as obtained by Vilsmeier 
and Haack.1 An extension of these procedures to less sym-
metrical formamidinium salts is probably less appropriate. 
Therefore, a more versatile preparative method has been 
worked out. 
On the whole, tetrasubstituted formamidinium salts are 
very stable compounds, and their reactions suffer from 
their relative inertness. This can be ascribed to the de-
localisation of the positive charge, according to II. 
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^NR1R2 ^NR1R2 NR1R2 ^NR1R2 
H-C'' * * H-C© < > H-C. = H-C(® II 
^NR1R2 ^NR^ 2 ^ N R ^ 2 NR1R2 
This délocalisation causes partial double bond charac-
ter of the С-г-г-гЫ bonds, as can be deduced from the results 
of X-ray crystallographic analyses and from N.M.R.-spectra, 
as will be mentioned in chapter 6. 
Hydrolysis experiments of amidinium salts with aroma­
tic residues on the nitrogens have revealed a marked influ­
ence of the N-substituents on the reaction rate.11 We ex­
tended these studies to formamidinium salts having alipha­
tic groups at the nitrogen atoms. For those salts with the 
N-atoms in a cyclic structure special attention will be 
paid to the relationship between reactivity and ring-size, 
in a way similar to that exployed for comparable carbocyclic 
systems (chapter 5) . 
Formamidinium salts are versatile starting reagents 
in the syntheses of a variety of compounds, e.g. formamide 
acetáis,3'12 formate aminals13 and orthoamides.6'1^ The 
synthesis of enamines was also described,15 but the reaction 
conditions prevent a general application of the procedure 
used. We will describe a more general approach to these 
enamines and, for compounds having no ct-hydrogen atoms, 
to aminals in chapter 7. 
Finally, we will describe the synthesis and some re-
actions of activated formamidinium salts. This activation 
was brought about by acylation of trisubstituted formamidi-
nes, so that the acylated nitrogen atom is less involved 
in the accomodation of the positive charge (III). 
^
N R l
 ^0 NR1-C0R3 
H-C • рз-с' — > Н-С^ _ m 
^NR1«* ""CI ^NR 1R 2 CI 
Although several formamidines are found among pharma­
cologically active compounds,16 the tetrasubstituted salts 
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are hardly mentioned in this respect. Some 2-pyridyl-tri-
alkylformamidinium salts were investigated as cholinergic 
receptor excitators,17 and certain formamidines are active 
as potent pesticidal agents in the form of their salts.18 
In other applications the formamidine group is intro­
duced to improve the hydrophilic character of waterinsol-
uble agents, e.g. in iodinized phenyl rings of radiographic 
contrast media.19 
Possibly, our general procedure for the synthesis of 
formamidines and of tri- and tetrasubstituted formamidinium 
salts, reported in the next section, may contribute to a 
more general study of the applicability of this type of 
compounds. 
4.2 SYNTHESIS 
Since Arnold published his synthesis of tetramethyl-
formamidinium chloride from dimethylformamide and dimethyl-
carbamoyl chloride in 1959,2 many other methods have been 
described. 
Malhotra and Whiting73 for instance started from tri-
ethyl orthoformate and an amine, partially present as its 
Perchlorate (IV). 
•WCHa), _ 
Н-С-[ОС2Н5]э + (СНз)2МН + (СНз^Н.НСЮ*—*-н-с; ' сю* 
^МСНэ), 
2
 IV 
«· 
3 С2Н5ОН 
Apparently this method is not without risks, since 
Gore7'3 recently reported a violent explosion during the 
slow evaporation of the aqueous solution containing di­
methyl ammo η i um Perchlorate, although the amine was present 
in excess. 
Bredereck et al.'' prepared the same salt starting 
from the dimethylformamide-dimethyl sulphate adduct. In 
subsequent papers of his series on orthoamides he described 
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the synthesis of many other formamidinium salts, including 
1 2 the piperidine (R ,R = -(CH2)5-) and the morpholine 
(Η 1 ^ 2 = -(CH0),-0-(CH9),-) derivatives (V). 4'2 ^ V 4 - " 2 ' 2 
eP ^,0СНз 
"^(СНэк ^'М(СНз)2 
^ОСНэ β ^NRlR2
 θ 
H-CÍ® СНэ504 • 2 H N R ' R 2 — » H-C,® СНэЗО« • CH3OH 
"""ККСНэ^ ^ÑR'R2 
+ 
HN(CH3)2 
The same salts were obtained by Gold and Bayer10 by 
treatment of the parent tetramethylformamidinium chloride 
with an excess of the relevant secondary amine. 
The reaction of orthoamides with a halogenide can also 
be useful in the synthesis of formamidinium salts. Clemens 
et al.s showed that chemically quite different halogenides 
could be applied, such as hydrochloric acid, methyl iodide 
or, still better, an acetyl halogenide (VI). 
•.NR^2
 β 
H-C-[NR 1 R 2 ], • CH3COCI »-H-C:® a % CHaCONR^2 V I 
^NRiR2 
The formamidinium salt, being insoluble in ether, can 
easily be freed of the amide by washing with this solvent. 
Based on the same principle is the treatment of aminal 
esters with an acid, as published by Bredereck et al.6 (VII) 
VII 
From the reaction of secondary amines with chloroform 
in the presence of sodium methoxide, orthoamides or form­
amidinium chlorides can be obtained, depending on the amount 
of chloroform used.9 (VIII) 
H-
NR1R2 
I 
-C-0R3 • 
NRiR2 
HX H-
^NRlR2
 a 
-cfi χθ* 
VÑR1R2 
HOR3 
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.NR1R2
 θ 
НССІэ • 2HNR1R2 + 2МаОСНэ *- H-Ci β Cl • 2NaCl • 2CH3OH V I I I 
^NRlRZ 
We found this method especially useful with secondary 
amines having the nitrogen atom in a 5, 7 or 8-membered ring. 
Finally, a simple one-pot-synthesis of tetramethylform-
amidinium chloride, starting from cheap materials (dimethyl-
formamide and thionyl chloride) and published by Kantlehner 
and Speh,9 can be mentioned here (IX). 
^(СНэ)2 
Н-С0-ІЧ(СНэ)2 • S0C12 *- H-C(® Cl •C0*S02*HCl ix 
So far, this reaction has not been applied to other form-
amides, however. 
The usefulness of the synthetic methods mentioned 
above depends on the availability of the appropriate 
secondary amines, either themselves or in the form of simple 
derivatives (alkylated formamides, orthoamides or aminal 
esters). This restricts these procedures, since several 
secondary amines, especially those with different alkyl 
substituents, are not easily obtainable and, consequently, 
rather expensive compounds. 
Since we were interested in the influence of N-sub-
stituents on the reactivity and stability of formamidinium 
salts and products obtained thereof, we developed a new 
procedure for the preparation of tetrasubstituted form­
amidinium salts in which alkyl substituents are introduced 
stepwise in a disubstituted salt.20 (X) 
The synthesis of the disubstituted formamidinium salts 
in step X-l proceeds according to Taylor and Ehrhart.21 
Aliphatic amines react only in the presence of acetic acid, 
which can be omitted in the reaction with aromatic amines.22 
The liberation of the formamidines from their salts 
(steps X-2 and X-4) proceeds with sodium methoxide in metha­
nol, with yields not surpassing 60%, however. With diben-
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zylformamidinium acetate it is feasible, just as Taylor 
described, to use sodium carbonate as the base. 
NHR1 
Н-С-[ОС2Н5]э * 2 Р 1 ! У : Н ° А С > H-C? 0Ас 1 
-3C2H5OH ÑHR1 
H - C t i 0Ас ^ ^ * H - C * 
^NHR1 ^NHR1 
.NR1
 D 2 y /NR1R2 a 
H-C* ^ X „ H-CÍ9 χ β 
ν. NHR1 NHRl 
/NR1R2 NaOfH, ^ N R l R 2 
H-Cf¿ ΧΘ ^ ^ > H-< 
^'ÑHR1 '"NR1 
/NR1R2 з ^NRlR2 
H-Cv, Ь !— *• Н-С',9 X 5 
^NR1 NR1R3 
In general, the alkylation steps (X-3 and X-5) proceed 
well with methyl, ethyl, allyl and benzyl halogenides. With 
other aliphatic halogenides, such as butyl bromide, impure 
products are obtained. The strongly basic parent formamidine 
causes substantial dehydrohalogenation, yielding an olefin 
and the non-alkylated formamidinium salt as side-products 
of the desired alkylated salt. 
To prevent laborious purification of the extremely 
hygroscopic tetrasubstituted formamidinium salts, it appeared 
advantageous to purify the trisubstituted formamidines; this 
could easily be accomplished by distillation. The trisub­
stituted formamidines isolated in this way are summarized 
in table A; physical constants of the tetrasubstituted 
formamidinium salts are given in table B. 
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4.3 SPECTRAL DATA 
A series of forraamidinium salts were converted into 
their Perchlorates. These salts are less hygroscopic, which 
makes them better starting materials for an investigation 
of the physical constants and analyses (table C). 
In the ideal case, the whole central part of form-
amidinium ions is flat, but, as will be seen later in the 
chapter on their structure, the amino groups are twisted 
out of the plane through the central NKCTN moiety, thus 
diminishing the π-overlap. 
Scheibe et al.23 have calculated the тг-electron den­
sities on the atoms of the central part of a formamidinium 
Perchlorate (II; R1,!*2 = (CH2)5) from the shift of the 
methine proton in the N.M.R.-spectrum. 
This π-density on the central carbon atom might also 
be calculated from the shift of the central carbon in the 
C-N.M.R.-spectrum. Less π-overlap gives rise to more 
carbonium ion character of the central carbon. According 
to Olah and White,^ who measured the shifts of hydroxy-
carbonium ions in strongly acidic media, the signal of such 
charged carbon atom shifts to lower field when the ion is 
better stabilized: 
+CH2-OH б (TMS) 223.8 
+CH-(OH)2 177.6 
+С-(ОН)з 166.6 
Application of these N.M.R.-parameters to formamidinium 
salts appeared to be less successfull. A graph of the H-
13 
and C-shifts showed a scattered pattern without linear 
correlation. 
This might be ascribed to differences in concentration, 
since Henricks25 points to a strong concentration dependence 
of the shifts of cyanine dyes, which are vinylogous form­
amidinium salts. Also Neuman and Jonas26 report such de­
pendence for acetamidinium salts, which they ascribe to 
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ion pairing. Indeed, the influence of the counter ion 
appeared to be quite large in our compounds as well; the 
methine proton signal of the piperidine-derived forraamidi-
nium salt in deuterochloroform shows this clearly: 
counter ion: 
cio4" 
СНз304" 
l" 
Cl" 
sh ift (ppm) 
7.71 
7.88 
8.63 
9.15 
4.4 ACTIVATED SALTS 
Tetrasubstituted formamidinium salts are organic 
compounds with a very pronounced salt-like character. Their 
solubility in apolar organic solvents, such as ether, is 
virtually nil; they dissolve easily in polar solvents, such 
as chloroform, alcohols, acetonitrile and water. 
The stability of the formamidinium ion, apparent from 
the low reactivity of tetrasubstituted salts, can be as­
cribed to the strong délocalisation of the positive charge 
(II). It might be expected that the reactivity of tetra-
substituted formamidinium salts would be enhanced when the 
charge délocalisation is reduced by the presence of a 
substituent having electron-withdrawing properties. 
We therefoiE synthetized two series of such activated 
formamidinium salts, having a methoxymethyl, methoxycarbonyl, 
benzoyl or phenylsulphonyl group as the fourth N-substituent 
(XI). 
^N-R1 , ^NR1R2 
H-C • R2Cl * H-C. ,
 Y T 
снз снэ 
R1 = CH3 ; 7i-C3H7 R
2
 = CH3OCH2-; CH3OOC-; 
C6H5CO-; C 6H 5S0 2-. 
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In the preparation of the methoxycarbonyl derivative, 
the reagent, methyl chloroformate, was used in large excess, 
for otherwise the strongly basic amidine would catalyse 
the decomposition of the initially formed product (XII). 
Such decomposition could also be brought about by adding 
traces of a base, such as triethylamine, to a solution of 
the activated salt. 
СНз СНз 
• N - R CI ^NR 
H-C' *· Н-С^ •С02*СНэС1 χ ι ι 
^М-СООСНз ""NR 
R 
The products appeared again to be extremely hygroscopic 
and very susceptible to hydrolysis. This impeded the isola­
tion of the pure salts and determination of their physical 
constants. The compounds could be identified, however, by 
their N.M.R.-spectra. 
In studies of their reactivity they were used without 
isolation. The reactivity in both series increased in the 
2 
order of R given in XI. Only the methoxymethyl derivative 
showed so little increase in reactivity that it was not 
investigated further. 
4.5 EXPERIMENTAL SECTION 
General procedure for the stepwise synthesis. 
Ν,Ν'-dialkylformamidinium acetate (Xa) prepared accord­
ing to Taylor and Ehrhart, is added to 20% excess of sodium 
methoxyde in methanol. (Dibenzylformamidine is liberated 
with the aid of sodium carbonate, as described by Taylor). 
After stirring at room temperature for 3 0 min, the reaction 
mixture is filtered and the methanol evaporated at reduced 
pressure. The residue is extracted with dry ether. Evapora­
tion of the solvent gives the formamidine; yield: 60-70%. 
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b. N^N^N^-trialk^lformamidiniun^halogenides (Xe) 
The crude disubstituted formamidine is boiled under 
reflux for 1 h in dry acetonitrile with 20% excess of an 
alkyl halogenide. In most cases, evaporation of the solvent 
under reduced pressure and washing of the residue with dry 
ether gives the formamidinium salt nearly quantitatively. 
c. N^N^^trialkylformamidines (Xd) 
The formamidines Xd are liberated from their salts Xc 
by the same procedure as used for products Xb. After purifi­
cation by distillation, the yields of formamidine are about 
60% (table A). 
d. N^N^N^N^tetraalk^lformamidinium^alogenides (Xe) 
This last step is essentially the same as for salts 
Xc. Sometimes the very hygroscopic crystals could be puri­
fied by recrystallisation from benzene or benzene/cyclo-
hexane (3:1). The yields of tetrasubstituted salts are 
80-90%. With butyl bromide as the alkylating agent, the 
yields did not surpass 40% (table B). 
for R2C1 = ОЦОСН-СІ; CgHgCOCl; CgHcSOjCl: 
A trisubstituted formamidine, dissolved in dry aceto­
nitrile, was added to a stirred and cooled (0-10°) solution 
of a two-fold excess of the chloride in the same solvent. 
After the addition,the acetonitrile was evaporated at re­
duced pressure at room temperature and the residue was 
washed free of excess halogenide with small portions of dry 
ether. The resulting salts were immediately used in further 
experiments. 
for R2C1 = CH3OCOCl: 
As above, but using a ten-fold excess of the chloro-
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formate. 
f· Е2ЕЕа5}еаіПІ!Н}_Е§££!!!2Ей£§£ (table С) 
The formamidinium chlorides of iodides were dissolved 
in the minimum amount of cold water, and an excess of a 
saturated sodium Perchlorate solution was added. Formamidi­
nium Perchlorates separated and were filtered. The stil wet 
salts were dissolved in chloroform and thoroughly dried 
over calcium chloride {the salta must not be dried directly, 
for hydrolysis can hardly be avoided, and the resulting 
ammonium Perchlorates} even in minute amounts3 are liable 
to violent explosions'.)27 Filtering the chloroform solution 
from the drying agent (and any inorganic salts) and eva­
porating the solvent yielded the pure Perchlorates (table C). 
The pyrrolidine derivative, being soluble in water, 
was obtained by adding the calculated amount of silver Per­
chlorate to a solution of the formamidinium chloride in 
methanol. After evaporation of the solvent, the Perchlorate 
was purified by the same procedure as above. 
The azonine derivative was obtained by amine exchange; 
tetramethylformamidinium Perchlorate in acetonitrile was 
refluxed for 3 hrs with an excess of perhydroazonine (= 
octamethyleneimine). Evaporation of the solvent and washing 
the residue with ether yielded the impure azonine-derived 
formamidinium salt, from which the N.M.R. characteristics 
could be obtained. 
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σ\ T a b l e A 
N / N / N ' - t r i a l k y l f o r m a m i d i n e s H-C . _ 
SKRLR 
R 1 R 2 Y i e l d b . p . / t o r r ^-H-N.M.R. (CDC1,) 
[%]a «[ppm] for H-Ç= 
7 . 2 
7 . 1 5 
7 . 1 
7 . 5 
7.8 
п-СзН7 
-
С 3 Н 7 
сн3 
С6 Н5 С Н2 
t-c4H9 
СНз 
сн3 
СНз 
СНз 
СНз 
37 
35 
43 
31 
29 
510/2 
53о/10 
106O/760b 
1770/2 
68Ο/20 
based upon starting orthoformate 
Ь
 lit.:13 108o/740 
Table В 
Ν,Ν,Ν',Ν'-tetraalkylformamidinium halogenides H-C.;© . , З^ 
R1 
n
-
C3 H7 
*-
С3Н7 
t-c4H9 
fl
-
C6Hll 
сн3 
с 6н 5сн 2 
с 6н 5сн 2 
С6 Н5 
4-СНзО-С6Н4 
4-СНз-С6Н4 
П
-
С3 Н7 
П
-
С3 Н7 
«-Сзн7 
R2 
сн3 
СНз 
сн3 
СНз 
СНз 
СНз 
С2 Н5 
СНз 
сн3 
СНз 
СНз 
СНз 
"-
С3Н7 
R 3 
сн3 
сн3 
СНз 
СНз 
СНз 
СНз 
С2 Н5 
СНз 
сн 3 
сн3 
с 6н 5сн 2 
"-с4н9 
сн3 
X 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
Cl 
ВГ 
I 
Yielde 
L%] 
37 
31 
28 
29 
43 
30 
23 
30 
26 
22 
33 
15 
27 
a 
m.p. 
43-45° 
133-140° 
191-193° 
199-200° 
226-228° 
146-148° 
145-147° 
163-165° b 
113-114° 
115-116° 
oil 
oil 
oil 
1H-N.M.R.
 / 
S [ppmj H-C¿ 
8.73 
8.77 
7.97 
8.62 
9.20 
9.48 
9.43 
8.65-9.49° 
8.44-9.26° 
8.88-9.22c'd 
8.72 
8.41 
8.80 
a: not corrected 
b: lit.:5 162-164°; lit.:1 160-161° 
c: DMSO-dg solution 
d: two conformers 
e: based upon starting orthoformate 
m Table С 
Ν , Ν , Ν ' , Ν
1
- t e t r a a l k y l f o r m a m i d i n i u m P e r c h l o r a t e s 
^
N R 1 R 2
 θ 
н-с .'· сюг 
XNRlR2 
1 2 NR R m - p . H NMR(CDC13) 13 С NMR(CDC13) A n a l y s i s 
С Η Ν 
N ( C H 3 ) 2 134-136^ 
N ( C 2 H 5 ) 2 7 7 - 7 θ ς 
N ( C H 3 ) - n - C 3 H 7 51-59^ 
N ( C H 3 ) - £ - C 3 H 7 ^RT 
N(CH3)-í-C4H9 184-186 
(1:1 NaC104) 
7.86 s IH; 
3.27-3.20 d 12H; 
(in DMSO) 
7.73 s IH; 
3.60 q 8H; 
1.37 tr 12H 
7.76 s IH; 
3.37 s 6H; 
3.50 tr 4H; 1.76 
ra 4H; 0.95 tr 6H 
7.82 s IH; 
3.25 s 6H; 
4.0 m 2H; 
1.30-1.37 d 12H 
7.6 s IH; 
3.31-3.15 d 6H; 
1.47-1.46 d 18H 
156.3 -C¿; 29.93 6.53 13.97 theor. 
46.9-38.5 d N-C 29.67 6.45 14.16 found 
(in DMSO) 
154.2 -Ci'; 42.11 8.25 10.91 theor. 
ч 
40-52 br C-N; 41.06 7.91 10.44 found 
13.6 сн3-
154.7 -C·''; 
v 
59.8-35.9 C-N; 
19.8 -C-;9.1 -C 
154.1 -C?; 
59.4 N-CH3; 
31.8 N-C
s
'; 
19.5 -C 
148.4 -C¿; 32.44 6.19 6.88 theor. 
31.0-28.0 N-CH3; 32.39 6.25 7.22 found 
61.3-56.3 N-C^; 
29.3-27.6 -CH-, 
Table С - continued 
1 2 
NR R m.p. 
H NMR(CDC13) 13 С NMR(CDC13) ^SaìYSìS 
С Η Ν 
N(CH 2) 4 
N(^2!, 
N(CH 2) 6 
N(CH 2) 7 
N(CH 2) 8 
148-149u 
238-239° 
226-228° 
242-243° 
impure 
7.98 
3.71-
1.78-
7.71 
3.80 
1.75 
7.83 
3.81 
2.03 
7.89 
3.74 
1.60 
7.77 
3.76 
1.82-
s 
-4. 
-2. 
s 
IH; 
.02 m 
.29 m 
IH; 
br 8H; 
br 12H 
s 
m 
m 
s 
m 
m 
s 
m 
-1. 
IH; 
8H; 
16H 
IH; 
8H; 
20H 
IH; 
8H; 
8H,-
8H 
.56 br 24H 
151.0 -C;;,-
54.0-48.1 N-C; 
25.5-23.4 
153.5 -C4'; 
51.6 br e-N; 
25.3; 22.5 
156.4 -C*,-
58.6-50.1 C-N; 
28.3; 26.0 
156.1 -C;; 
57.9-49.7 C-N; 
27.0;25.9; 24.4 
156.6 -C^; 
58.9-50.8 C-N; 
27.1; 25.9; 25.6 
42.77 
42.11 
47.06 
47.55 
50.56 
50.43 
53.48 
53.69 
6.78 
6.48 
7.54 
7.51 
8.16 
8.03 
8.68 
8.57 
11.09 
10.79 
9.98 
10.04 
9.07 
9.08 
8.32 
8.16 
theor 
found 
theor 
found 
theor 
found 
theor 
found 

C H A P T E R 5 
FORMAMIDINIUM SALTS 
Stability 
5.1 HYDROLYSIS 
From reactions mentioned previously it appears that 
the substitution pattern on the nitrogen atoms in ortho-
amides and formamidinium salts has a marked influence on 
the stability and reactivity of these compounds. 
It has already been pointed out that trimorpholino-
methane does not react with chloroform, but that tri-
piperidinomethane is in equilibrium with a chloral aminal 
in this solvent, while tripyrrolidino- and tris(hexahydro-
azepinyl)methane react vigorously and are converted into 
the corresponding formamidinium chlorides (I). 
x = - o -
X = - C H 2 -
о 
4N' 
I 
H - C - [ N Х ]
Э
 . н-с-ссіэ • H N : < 
-x-ώ 
x= — 
/ti X 
И A _ 
H-cf.W cie 
4
'N X 
X = -(CH2)2-
The pyrolysis of orthoamides to tetraaminoethenes 
provides yet another example.1 With the five-membered ring 
compound tripyrrolidinomethane, the reaction is completed 
after heating at 150 for 2 to 3 hours, but the six-membered 
analogue does not react below 250°. The seven-membered 
ring compound has an intermediate reactivity in this case, 
requiring a reaction temperature of 220 . 
These finds of effects of N-substituents on reactivity, 
especially of the ring size in cyclic amino compounds, are 
well documented in literature. In most cases only five- and 
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six-membered ring compounds have been compared, sometimes 
including the morpholino derivative. So, Maas2 studied the 
stabilities of enamines derived from these cyclic amines, 
and Kresge et al.3 measured rate-constants for the acid 
hydrolysis of acetamides (II). 
II /-ι x = khyd : 8 · 5 x 10~6, s e c l1 ц 
CH3-C-N^J(
 χ =
 -CH2- k h d:43.9 χ IO
- 6
 sec
 1 
In the latter case, the rate-constant for the hydro­
lysis of N-acetylpiperidine appeared to be ea. 5 times 
larger than that of N-acetylpyrrolidine. 
All these reactions share in common the fact that they 
are attended by an alteration in the mode of hybridisation 
at one or more nitrogen atoms. In the pyrolysis of ortho-
amides, as well as in their reaction with chloroform, the 
ir-character of the C-N bond is increased, because the amino 
functions become incorporated in a conjugated system. In 
the hydrolysis of enamines and amides the reverse takes 
place. The effects of the N-substitution pattern on the 
reactivity have been related to this change in hybridisation 
in several of the given examples. Quantitative results might 
be used as a measure of the extent to which the hybridisation 
has been changed in the transition state. 
We tested the usefulness of such an explanation by in­
vestigating the stability and reactivity differences in a 
series of formamidinium salts. The ready availability of 
this type of compound provides an opportunity to extend this 
study to a fairly large number of compounds containing di-
alkylamino- or cyclic amino groups. 
Vte chose the base-catalyzed hydrolysis as the first 
object of our ëtudy, since it can be carried out in an 
homogeneous medium. Moreover, the hydrolysis of tetrasub-
stituted formamidinium salts yields simple, well defined 
products, із. a disubstituted formamide and a secondary 
ammonium salt (III). 
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^ N R V
 Θ H О ^О 
H-C© Χ i—» H-C • H2NR1R2X " I 
^NR1R2
 VNR 1R 2 
I has been reported1* that hydrolysis of Ν,Ν' -diphenyl-
imidazolidinium salts may lead to an equilibrium mixture of 
the starting compound and the expected hydrolysis product, 
at least under acidic conditions (IV). 
CeHs c6Hs 
-N-CH 
IV 
NH2 X® 
Γ
Ν
·\ H2° Γ S 
в н ¿ ^ ^ Ι Θ О 
LN'/ Χ 0 *— 
CeHs CeHs 
Such equilibria could be ruled out in our study 
because at different temperatures the presence of a form-
amidinium salt could not be detected in reaction mixtures 
of dimethylformamide and dimethylammonium chloride in neutral 
aqueous solution. 
We suppose the hydrolysis of our compounds to proceed 
according to the mechanism which has been proposed by 
Robinson and Jencks1*'5 for NjN'-dialkyl-N/N'-diarylform-
amidinium salts and which was firmly established by DeWolfe 
and Cheng6 (V, R1 = CH3; R
2
 = C 6H 5). 
The kinetic studies of these authors revealed that 
usually the last step (V-3), which is general base-catalyzed, 
is rate-determining. Only with those compounds having 
electron-withdrawing substituents in the N-phenyl residues, 
can the protonation of the tetrahedral intermediate (V-2) 
become rate-determining. 
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R1 R2 
i: 
H-D 
Γ, 
Ν 
R1 R2 
N 
ОН® т = ^ H-C-OH 
I 
N 
R1 R2 
I 
H-C-OH • H2O 
N 
R1 R2 
1 1 R - N - H 
J H ^ . H-C-OH + OH 
N 
R1 R2 
R1-N-H 
l · 
H-C-OH 
I 
N 
RÎ V 
Jia_ 
1 16. 
R ^ N - H 
Н-С-0--Н--В* 
I 
N 
V 
R2 
R'-N-H 
• 
н-с=о + нва 
I 
N 
R-Î V 
5.2 MEASUREMENTS 
Since the formamidinium salts used in our experiments, 
unlike the substrates of Robinson and DeWolfe, do not show 
any U.V.-absorption maximum above 225 nm, the hydrolyses 
could not be followed by U.V.-spectroscopy. We therefore 
used N.M.R. as the analytical technique. The hydrolyses 
were carried out in an N.M.R.-tube and at regular intervals 
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the region between δ 6.5 and S 9.0 was scanned. In this 
region are found the absorptions of the methine protons of 
the starting formamidinium ions as well as of the resulting 
formamides. The amounts of these compounds were determined 
by comparing the integral height of the signals with that 
of the signal of the aromatic protons of mesitylene (δ 6.78), 
which was added to the reaction mixture (aa. 5%) as a 
reference. 
The use of N.M.R. as an analytical tool implies that 
rather high concentrations are necessary which makes effec­
tive buffering infeasible. To overcome this difficulty the 
hydrolyses were performed in the presence of a relatively 
large amount of triethylamine (aa. 10%). A mixture of water 
and acetonitrile (1:1) was used as the solvent, because 
acetonitrile improves the solubility of the tertiary amine. 
The apparent pH of the solutions was aa. 12, and changed 
hardly during hydrolysis, as was indicated by following 
the reaction with a pH-meter. The addition of triethylamine 
may have an additional advantage, as it reduces possible 
influences of the secondary amines (liberated during hydro­
lysis) on the general base-catalyzed step. Triethylamine 
is a weaker base than most secondary amines. 
In this way, plots of In [formamidinium salt] against 
time yielded straight lines with correlation coefficients 
^0.975. The slopes of these lines, calculated by the least-
squares method gave the pseudo-first order rate constants 
(table A; k) from which half-life times could be calculated 
with the formula ln2/k=t,. 
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T a b l e A , , 
NR1R2 
H y d r o l y s i s ( 2 5 o ? pH<vl2) H-cf'e СЮ? 
NR1R2 
-NR^ 2 
-N(CH 3) 2 
-N(C 2H 5) 2 
-N(CH3)-*-C4H9 
-N(CH 2) 4 
-N(CH 2) 5 
-N(CH2)6 
-N(CH 2) 7 
103k 
(min-1) 
20 
2 
-
2.4 
20 
1.8 
1.2 
tj. (min) 
35 
348 
>3 days 
284 
34 
377 
596 
-log k
r e l 
0.92 
0.0 
1.05 
1.24 
5.3 DISCUSSION 
The overall reaction of the hydrolysis, as far as the 
hybridisation of the nitrogen atoms is concerned, is accom-
paniec 
(VI). 
2 3 d by the change from sp to sp of one of these atoms 
/-О H20 ^
0
 r-
H-C''e CIO* — £ - > H-C • С NH.HCIO« VI 
In the literature, a wealth of information can be found 
concerning the relation-between the reactivity of carbo-
cyclic compounds and their ring-size.7 Brown et al.e inves­
tigated certain reactions of cycloalkyl derivatives, which 
all showed a change in hybridisation of one of the atoms 
3 2 in the ring from sp to sp or vice versa (VII). 
The ratio's of the rate-constants in dependence on the 
ring-size appeared to be of the same order of magnitude 
for these three reactions. Graph 1 shows this relationship, 
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taking the six-membered ring compound as the standard. 
E tOH » θ 
(CH2)n-iC'T * (СН^пиС-Н 
etc 1 
«ΕΗΛ,,α 
.Cl 
-СНз 
EtOH 
-»· (CH2)n-i С-СНэ —»-etc 2 VII 
(CHjJn.,^ « N a B H * (CH2)n-iC = 0 
v • UH ν • 
log k
rel 
A 
2-
,· VII-3 
ι г 
»· η 
Graph 1. correlation between ring size (n) 
and reactivity (log k) of carbocyclic 
compounds, when one atom changes its 
2 3 hybridisation sp —> sp (for VII-3 
and VI:-log k) 
71 
In the first and third step of scheme V rehybridisation 
2 3 
takes place; in the former from sp to sp at both nitro­
gens, in the latter in the reversed direction, at least for 
the nitrogen ending up m the formamide. The constancy of 
the k-values, even when the measurements were extended over 
a rather broad conversion range, demonstrates that the 
concentrations of the nuclophile (H20), of the hydroxide 
ion used in the first step, and of the base effective in 
the base-catalyzed third step (mainly tnethylamine) , remain 
rather constant during the hydrolysis reaction. 
According to the mechanism given in scheme V, and ac­
cepting that the base-catalyzed fragmentation in the third 
step is rate-limiting, the apparent rate constant should be 
proportional to the equilibrium constants (K. and К-) of the 
two pre-equilibna (V-l and V-2) , and to the rate-constant 
(k3) of the last step. Effects of N-substituents on each of 
them will have influence on the value of к \3bs' 
k
obs"Kl x K2 x K3 
Now it may be expected that the effects on Kj will be 
very small. Since the basicities of cyclic secondary amines 
do not much vary with ring-size" and furthermore, since 
basicities of non-cyclic secondary amines are fairly in­
dependent of the nature of the N-alkyl substituents, the 
same may be expected for the corresponding tertiary amines 
derived from them. 
The order m which the reactivity varies in dependence 
on ring-size in the series of cyclic formamidimum salts 
(6>5>7>8), suggests that the influence of the ring-size on 
K, predominates over that on k3. The order determined par­
allels that found for reactions of carbocyclic compounds 
in which the hybridisation of one of the ring atoms changes 
2 3 from sp to sp (e.g. VII-2). 
The dominating influence of the ring-size on K, may be 
due to the fact that in the first step two nitrogen atoms 
are involed in rehybridisation, although the crystal 
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structures (see chapter 6) suggest that one nitrogen atom 
is more involved in the délocalisation of the positive charge 
than the other. Moreover, the transition state in the third 
step may be reached early (as is the conclusion of DeWolfe) 
which reduces the influence of the ring-size on rehybrid-
isation and on k,. 
For the open-chain formamidinium compounds, the in-
fluence of the N-substituents is even larger than for the 
cyclic ones. This may be ascribed to the increasing elec-
tron-donating effect of the alkyl groups in the order methyl-
ethyl-tert-butyl, thus stabilizing the formamidinium ion, 
and so influencing K. as well. Following this reasoning, 
the extreme stability of the tert-butyl-substituted salt 
cannot sufficiently be explained. 
A possible rationale for this stability can be found 
in the structure of the methyl-tert-butylamino group. Amino 
groups with such bulky substituents tend to be less pyra-
midal, even when the nitrogen atom is sp hybridized, due to 
the steric interaction of the alkyl groups. It can there-
fore be anticipated that the formation of the tetrahedral 
intermediate, as well as the protonation in the second 
step, will be much slower for the formamidinium salts with 
the bulkier substituents. These effects could very well be 
large enough to influence the к , , via a much smaller K, 
and K?. 
5.4 ALCOHOLASES 
Another kinetic study similar to that described for 
the basic hydrolysis of formamidinium salts has been carried 
out for the alcoholysis under neutral conditions. Since 
methanolysis at room temperature is very slow, the exper­
iments were performed with higher homologs (ethanol and 1-
butanol) which allow higher reaction temperatures (70 and 
100 respectively). 
Again, the reactions were followed by N.M.R., but 
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scanning was done at room temperature. 
Product analysis showed that alcoholyses of form-
amidinium salts lead to an Ν,Ν-disubstituted formamide and 
a mixture of several ammonium salts (VIII). 
yf- Q R3OH <? 
H-C'.® X > H-C • 
H2NR
1R2 X 
© 
HNR1R2R3 X VIII 
® 1 9 3 Θ NR 1R 2R, X 
^ N R 1 R 2 K eNR1R2 
Н-СІ® ΧΘ+ R3OH ^ H-C-OR3 Х 
AtfR' 
H
 1 2 
H-C-O-R3 X —*»· H-C • HNR1R2 • R3X 
NR^R2 " N R 1 R 2 
Η 
«NR1R2 
I
 K ^OR-
H-C-OR3 ΧΘ " , H-C(« Х + HNR1R2 
I 
NR1R2 
Ì3 
с ix 
н-с-в χ — i * H-c 
^NR^2 ^ N R ^
2 
• R3X 
CÔ'-R3 
C'e 
^NR^2 
H-C'© :NHR1R2 — а . н-с^0 9 
'NRV 
• HNR'R'R ΊοΖηΒ 
HNR1R2
 + R 3 X ,. HNR
1R 2R 3 χ' 
The formation of these products can be explained in 
two ways: formation of a protonated adduct, followed by its 
fragmentation under the influence of the nucleophilic anion 
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of the starting compound (IXa and b), or via a spontaneous 
dissociation of the primary formed adduct, followed by 
nucleophilic attack of the liberated amine on the secondary 
intermediate (IXa, c, e). The attack of the counter ion on 
this secondary intermediate (IXc, d), a known reaction, 0 
is of course indistinguishable from the attack on the tetra-
hedral intermediate (IXb). In both cases ammonium salts of 
tertiary amines may arise by subsequent alkylation of the 
liberated amine (IXf). 
The absence of any alcoholysis when the formamidinium 
Perchlorates are used or when neopentanol is used as the 
solvent, agrees with a mechanism in which IXb or IXd play 
a role, and makes IXe an improbable step. The main pathway 
can therefore be described by the reactions IXa, b (or c, d) 
and f. 
The results of our measurements are given in tables В 
and C. 
5.5 DISCUSSION 
The mechanism proposed for the alcoholyses is similar 
to that for hydrolysis, as far as the rehybridisation of 
nitrogen atoms is concerned. In the pre-equilibrium (IXa), 
leading to a protonated tetrahedral intermediate, there is 
2 3 
a change from sp to sp at both nitrogens. In the subsequent 
nucleophilic attack of the anion (IXb) or the dissociation 
(IXc), the reverse occurs at the nitrogen which ends up in 
the amide. In view of the large influence of the nature 
of the anion (I >C1 >>C10. ), the second step is probably 
rate-determining, provided of course that the reaction 
mechanism does not change when the nucleophilicity of the 
anion is altered (see table С, с and d). 
Notwithstanding this analogy, the influence of the 
N-substituents on the observed rate-constants for alcoholy­
sis is rather different from that for hydrolysis. 
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Table В 
Ethanolysis (70 ) H-C'> i ' 
^NRlRÎ 
1 2 
-NR R 1 0 3 k ( h r 1 ) tfc ^ 
- N ( C H 3 ) 2 
- N ( C H 3 ) - n - C 3 H 7 
- N ( C H 3 ) - £ - C 3 H 7 
- N ( C H 3 ) - t - C 4 H 9 
0 . 8 8 
1.98 
2 . 3 2 
3 . 1 5 
79 
35 
30 
22 
T a b l e С 
B u t a n o l y s i s (100 ) 
.NR1R2 
XÑR1R2 
1 2 
-NR R 
1 0 3 k (min 1 ) t j , (min) 
a. 
b. 
с 
d. 
-N(CH 3) 2 
-N(CH3)-n-
-N(CH3)~£-
-N(CH3)-É-
-N(CH 2) 4 
-N(CH 2) 5 
-N(CH 2) 6 
-N(CH 2) 7 
-N(CH 3) 2 
-N(CH 3) 2 
-N(CH 3) 2 
-N(CH 2) 6 
-N(CH 2) 6 
-N(CH3)-t 
-N(CH3)-t 
-с3н7 
-с3н7 
-с4н9 
-
C4 H9 
-с4н9 
I 
I 
I 
I 
Cl 
Cl 
Cl 
Cl 
I 
Cl 
cio4 
I 
Cl 
I 
cio4 
4.5 
4.8 
6.5 
8.2 
0.28 
4.6 
1.0 
1.2 
4.5 
3.1 
no reaction 
3.1 
1.0 
8.2 
no reaction 
154 
145 
107 
84 
2500 
150 
680 
570 
154 
222 
224 
680 
84 
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On the whole, the effects of the substitution pattern, 
measured with a series of non-cyclic N-dialkyl derivatives, 
is very small in ethanolysis as well as in butanolysis. 
Apparently, the effects on K, and K« (or K., and K.) are 
nearly cancelled since in both cases compounds having larger 
substituents are even slightly more reactive. This might 
be explained by assuming that the transition state in the 
fragmentation step (IXb) is reached much later than during 
hydrolysis (V-3), or that equilibrium IXc is unfavourable. 
By this, the effect of the substitution pattern on kg for 
alcoholysis (acceleration by large substituents) should be 
larger than that on k, for hydrolysis. 
The same rationale used for hydrolysis can explain the 
order found for the rate-constants of alcoholysis of the 
cyclic formamidinium salts. The second step remains rate-
determining, but again, the influence of the ring size on 
the first equilibrium also determines the over-all rates. 
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C H A P T E R б 
FORMAMIDINIUM SALTS 
structure 
Until recently. X-ray diffraction studies of formami-
dinium-phosphate inner salts (la, lb) and of tetramethyl-
formamidinium hexachlorostannate2 were the only crystal 
structure elucidations of compounds containing the tetra-
substituted amidinium group. 
? ^М(СНэ)2 (СНэ)2^ У ^ ^(СНзЬ 
H0-P-C(e e;C-P-0-P-C'> . 
[J ^(СНэ)2 (CHÎJÎN"' {J ¡j ^ГСНэЬ 
a b 
In compounds with less N-substituents, such as Ν,Ν'-
bis-(4-ethoxyphenyl)acetamidinium bis-(4-nitrophenyl)phos­
phate (a salt of the local anaesthetic phenacaine) it has 
been found3 that the amidinium group is planar (II). 
H 
N—C( 
II 
"Ν—H 
/Λ-
Models of tetrasubstituted formamidinium salts clearly 
show that the central part of the molecule including the 
nitrogen substituents cannot be flat, as a consequence of 
the interaction of the two substituents in front of the ion 
(III, C 2 and C 3 ) . 
As a result of this steric hindrance the planar con­
formation is distorted; indeed such an effect is found in 
the formamidinium inner phosphates(la, b), where the central 
NITON moiety is flat, but where the two amino groups (the 
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N (CH,) 2-pa.rts also being flat) are twisted out of the cen­
tral plane. In this way the distance between the substituents 
о 
С, and C 3 (III) is enlarged to 2.87 A. 
Ï' 
^Ni-C 2 
H—O'? i n 
Ñ2-C3 
C5 
This is still small, as the normal contact distance for two 
о 
methyl groups is 3.4 A, but further enlargement is prevented 
by the interaction of the other two methyl groups with the 
о 
phosphate-oxygens (H-C...0 distance: 2.87 A). 
It is clear that formamidinium salts having only a 
hydrogen atom attached to the central carbon, may relieve 
steric interactions between the substituents in a different 
way and to a different extent. Therefore X-ray analyses 
were made of several tetrasubstituted formamidinium salts, 
in co-operation with Dalhousie University at Halifax N.S. 
(Canada)." 
Apart from the analyses of tetramethylformamidinium 
4-methylphenylsulphonate and Ν,Ν'-dimethyl-NjN'-diphenyl-
formamidinium tetrafluoroborate, this work was mainly 
focused on salts with cyclic amino functions (IV, η = 5, 6, 
7, 8) and on the corresponding cyclic ammonium salts. 
CH 2 ВДп-Э 
N-Cfb 
--
 2 
H—Cl® СЮ? IV 
YcH2 
CH? 1 V¿jCH2)n-3 
It was our hope that the elucidation of these struc-
tures would contribute to an explanation of the differences 
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in reactivity between these cyclic formamidinium salts, 
reported in the preceding section. 
Table A presents the most striking features of the 
crystallographic data; for a full description the reader is 
referred to the forthcoming publication.11 
Table A 
H С 
N-substituents 
counter ion 
γ C j C , CwwwN 
( 0 ) ( 0 ) ( 0 } (A) 
О 
(A) 
- N ( C H 2 ) 6 
cioT 1 2 6 . 2 1 2 6 . 0 MO 3 . 0 4 1 . 3 0 8 
-N(CH 2) 7 
Cl" 
131.0 126.6 -vll.S 3.11 1.316 
-N(CH 3) 2 
Tos~ 
129.0 128.3 . 6.0 3.06 
Чі.5 
1.307 
la (lit.1) 1 1 9 . 6 1 2 3 . 0 ^24 2 . 8 7 1 .330 
-N(CH 2) 3 
SnCl" 
(lit.2) 
129.0 128.8 ^7 3.07 ,1.277 
4.339 
XNH 2 
HOC'.> 
4NH 2 
(lit.5) 
121.7 120.0 %0 2.32 1.313 
(н2....н3) 
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It turned out that in all formamidinium salts investi­
gated, the central carbon atom and the three atoms attached 
to it lie in one plane, but, in order to diminish the re­
pulsion between N-substituents, three effects occur. First, 
the twisting out-of-plane of the amino groups, as already 
observed with the phosphate-inner salts (la, b). Figure 1 
depicts the tetramethylformamidinium ion, in which this 
twisting can easily be seen. 
Fig. 1. The Ν,Ν,Ν*,Ν'-tetramethyl 
formamidinium ion 
Because of this effect, the favourable π-overlap in the 
Nn-nCmrN moiety is reduced. The normal formamidinium salts 
exhibit a second effect, i.e. enlargement of the N»-»»CV~-N 
angle (V;a). In the inner phosphates (I) this angle 
2 
approaches the ideal for bonds around an sp -hybridized 
atom: 119.6 . Here, enlargement would result in shorter 
CH3...0 distances and therefore does not occur. With normal 
formamidinium salts (III) this angle is enlarged to aa. 
126-131 , thus diminishing the necessity for the out-of-plane 
twist of the amino groups. The values for this angle (ν;γ) 
are smaller than in la, which is favourable for the ir-over-
lap in the N-m^ cVirN moiety. 
This enhanced ττ-overlap is apparent frört the slightly 
shorter C·«-—N distance in the formamidinium salts: aa. 1.31 
о о 
A, as compared with 1.33 A in the inner phosphates, and 
о 
a distance of 1.31 A in uronium nitrate, where ir-overlap 
82 
should nearly be ideal. 
H С V 
The Ν,Ν'-dimethyl-Ν,Ν'-diphenylformamidinium ion shows a 
different geometry. Here the substituents in front of the 
ion have less interaction, since the phenyl rings are 
parallel. As a result, the amino groups are not twisted out 
of the central plane, and the whole C.—Ыч^СтпЛ—С,- moiety 
is flat. In figure 2 this is visualized; numerical values 
are not yet available, for the investigation of this mole­
cule is still in progress. 
Fig. 2. The NfN'-dlmethyl-NíN'-diphenyl-
formamidinium ion 
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The last effect is a distortion of the amino group. 
Ideally, this group is flat and the substituents are evenly 
distributed with mutual angles of 120 . But in the formamidi-
nium salts the substituents are bent to the outside; as a 
result the arrangement of the N-substituents is no longer 
symmetric. The angle β in V is a measure of this effect, 
although the distortion around the amino group is not fully 
described by this parameter. 
2 
In amidinium salts the two nitrogens are sp hybridized, 
and during most reactions (e.g. hydrolysis) this hybridi­
sation is changed to sp in at least one ring. Although 
the literature reveals a growing interest in the correla-
lation between reactivity and ring size of cyclic compounds 
(see also chapter 5), there are relatively few X-ray crys-
tallographic data available concerning medium sized ring 
2 
compounds with an sp , and of comparable compounds with an 
sp hybridized atom in the ring. To understand the changes 
in steric interaction in the ring, it may be useful to 
compare the X-ray structures of formamidinium salts having 
2 3 
sp with those of corresponding ammonium salts having sp 
hybridized nitrogen.6 
The strain energy in carbocyclic rings is the result 
of three main contributions; they concern bending and tor­
sional deformations, and non-bonded hydrogen interactions. 
A simple experimental formula for the approximation of this 
total strain energy given by Hendrickson8 is: 
ΣΕ = EEg + EEt + ΣΕ Η Η 
Efi = bond angles bending strain 
E. = torsional strain of the dihedral 
angles 
EHH = non-bonded hydrogen interactions 
Estimation of this energy for the eight-membered ring ammo­
nium and formamidinium salts, using the X-ray cyrstallo-
graphic data,1*'6 showed no differences as far as the carbon 
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parts of the rings are concerned. Bond angles and dihedral 
angles in the rings scarcely differ, and the hydrogen atoms 
о 
are, apart from the geminai ones, always more than 2 A apart. 
The Е
и
„ for this distance is σα. 0.23 kcal and diminishes 
tiri 
rapidly with increasing distance. This can be illustrated 
with the drawings of the eight-membered rings of the ammo­
nium (figure 3) and of the formamidinium (figure 4) ions. 
Both rings adopt a boat-chair conformation. 
Fig. 3. The octahydroazocinium ion 
Fig. 4. One of the rings from the 
N-(azocinomethylene)azocinium ion 
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The only ring-effect that has to be taken into account 
is the interaction of the substituent on the nitrogen with 
the hydrogen atoms on adjacent carbon atoms. As is indicated 
in figure 5, changing the hybridisation of the nitrogen is 
likely to considerably alter these non-bonded interactions 
between the substituent and the α-hydrogens, but this effect 
is difficult to quantify. 
SP' 
O— 
Fig. 5. Influence of the nitrogen hybridisation on 
the non-bonded interactions 
From the X-ray data the conclusion can be drawn that 
one of the amino groups in formamidinium salts is more 
involved in the accomodation of the positive charge than 
the other, for the values of the out-of-plane twist (γ) 
of tetramethylformamidinium tosylate are different for the 
two amino groups (6 and 11.5 , respectively). The same, 
although to a much lesser extent, holds for the cyclic 
formamidinium salts; their γ-values, given in table A, are 
only the mean values. 
It can therefore be anticipated that in formamidinium 
2 
salts with an amino group which favours sp hybridisation 
» 3 
(e.g. pyrrolidine) and another group which favours sp 
hybridisation (e.g. piperidine), this effect will be grea­
ter. 
To investigate such an effect, we tried to synthetize 
a mixed formamidinium salt by mixing equal amounts of 
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pyrrolidine and of the piperidine derived formamidinium 
Perchlorate in deuterochloroform. According to the N.M.R.-
spectrum, the mixed salt (Via) was formed as the main one; 
the salt with two pyrrolidine residues (VIb) appeared only 
in traces (VI). 
н-сі® cio? • н г О ϊ 4 ΗΝΤ"") • H-C/Je ciof 
X) ^ ^ X] 
VI 
JO 
H-C;e С10І • HN ] ^ i HN ) • H - C ! · C10¿ 
From the concentrations of the three salts (after 
equilibrium had established) it could be calculated9 that 
K, was aa. 15 times larger than Kp. The mixed salt may be 
considered as a genuine (aminomethylene)-ammonium salt (VII); 
it could indeed be isolated. 
Crystallographic investigations are in progress. 
,0 
о 
о "о 
H-C'.e - — • н-с^ - v u 
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C H A P T E R 7 
FORMAMIDINIUM SALTS 
Reactions 
7.1 INTRODUCTION 
In a previous chapter we described the simple and 
fairly general synthesis of tetrasubstituted formamidinium 
salts (1). Readily available and generally accessible, they 
could form attractive alternative starting Compounds in 
syntheses usually starting from the related orthoamides (2) 
or aminal esters (3), e.g. in substitutions with nucleo-
philes which may yield aminals, in additions to electron-
rich olefins, which may yield enamines, or in oc-elimination 
leading to tetraaminoethenes. 
.NR1R2 NR
1R2 NR^R2 
H-Cf© X H-C-NR1R2 H-C-OR3 
"
N R 1 R 2
 NR1R2 N R V 
1 2 3 
This is even more so, in that orthoamides are less 
easily obtainable, whereas aminal esters have only been 
isolated in rather restricted numbers; best known are those 
with a bulky alkoxy group, but this makes them difficult 
to purify. 
At first glance, it can be foreseen that formamidinium 
salts will be much less reactive than orthoamides or aminal 
esters. In nucleophilic substitutions with compounds 2 and 
3, the polarity of the transition state is increased. The 
resulting stabilization by resonance lowers the energy of 
the transition state and enlarges the reaction rate (I). 
But similar délocalisation of positive charge will stabilize 
the formamidinium salts, and render them fairly inert. 
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NR1R2 
I 
Η-C-NR1!?2 • 
NR1R2 
NR1R2 
i: 
H-C:S* — 
NR1R2 
-NR1R2 etc 
Despite this, the literature reveals several reactions 
employing formamidinium salts. 
Clemens et al.1 reported the reactions of a formamidi­
nium tetrafluoroborate with several anions (II). 
CeHsLi 
С6Н5-СН-[М(СНэ)С6Н5], 
М(СНэ)СбН5 
Η-C .'β в F; 
>С
"Ы(СНэ)СвН5 
CeHgCONHNa 
N(CH3)C6H5 
OR I 
- H-C-OR II 
I 
N(CH3)C6HS 
C6H5CON=CH-N(CH3)C6Hs 
Arnold and ZemliSka2 introduced the dimethylamino-
methylene group from tetramethylformamidinium Perchlorate 
into several molecules which had been converted into carban 
ions by means of sodium amide in liquid ammonia; they iso­
lated enamines as the final products (III)· 
X. NaNH2 
Y > H 2 -mT* 
л
^ © 
V Na® 
H-C[N(CH3) 2] 2 
cío? c=c 
,М(СНз), 
ч
н 
III 
X,Y = Η, СОСН3*;Н, СОС6Н5; Η, СОС(СН3)3; -(СН=СН)2-; 
-(СН2)3СО-*; CN, CON(CH3)2 
The reactions marked with an asterisk were carried out in 
the presence of 1.5 equivalent of tert-butanol. 
This relates the method to the procedure of Bredereck,3 
in which a previously isolated aminal tert-butyl ester is 
heated with a carbon acid at 160° (IV). 
Finally, Lachmann and Wanzlick1* performed substitutions 
in Ν,Ν'-diphenylimidazolidinium salts with Grignard reagents. 
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,_N<CH3)2 β unta.. УЯЬЪ 
e 
^(СНэ) 
2
 © KO*Bu I
 t 
H-CÍ® СНз50
а
 > H - C - O ' B U I 
М(СНэ)2 
NCCHa), 
I / X-CH2-Y Х ^ ^N(CH3)2 
Н - С - 0 * В и £ — > C = C 
I Y^ V H 
IV 
N(CH3) 2 
Ç6H5 
N-
СбН5 
СбН5МдВг \- N V C 6 H 5 
'S'™—1 
Η-C ',® 
Г"х
8 
L-Ν Η 
CeHs V 
xs ' Ι
1
 CßHs 
CeHs I CeHsCSCMgBr |—N С=С-СбН5 
-» 
Гх 
ι—Ν Η 
Careful analysis of the above data suggests that the 
usefulness of these procedures, although not explicitely 
mentioned, strongly depends on a proner choice of the 
formamidinium salt and of the reaction conditions applied. 
In Wanzlick's imidazolidinium salt (Va), the N-phenyl 
substituents may be rather well in plane with the mainly 
planar imidazolidinium ion. In this way the central carbon 
atom is less involved in the delocalization of the positive 
charge, and substitution reactions are accompanied by re­
stricted loss of resonance energy. 
Bredereck's preparation of aminal esters (IV-1) is 
carried out in ether or cyclohexane, in which neither the 
formamidinium salt, nor the potassium tert-butoxide dis­
solves. Therefore, the formamidinium salt participates in 
an undissociated form, which diminishes the relative inert­
ness of this type of compounds. 
The subsequent reaction with carbon acids is carried 
out without solvent at aa. 160°. Under these circumstances 
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the aminai ester is probably sufficiently dissociated. Hence 
carban ions can be generated under the influence of the 
tert-butoxide ion. 
In a previous chapter we indicated another possibility 
for increasing the reactivity of formamidinium salts, іг. 
by the replacement of one N-alkyl substituent by some elec­
tron-withdrawing group (see 7.5). 
In view of these considerations we have investigated 
possible applications of formamidinium salts in three types 
of reactions: 
г. Substitutions with nucleophiles, i.e. Grignard reagents 
and sodium salts of carbon acids. 
гг. Additions to electron-rich ethenes, especially with 
activated formamidinium salts. 
•ігг. α-Eliminations with strong bases, such as sodium hydride. 
7.2 REACTIONS WITH GRIGNARD REAGENTS 
Following the procedure of Lachmann and Wanzlick,1* 
the reactions of several tetrasubstituted formamidinium 
salts with Grignard reagents were investigated. 
With primary Grignard reagents low yields (σα. 10%) 
of enamines were obtained from some tetraalkylformamidinium 
salts (table A). The work-up of the formed enamines is 
rather tedious as they are extremely sensitive to water. 
With secondary Grignard reagents the formamidinium 
salts could be recovered from the reaction mixture; the 
reaction conditions caused extensive decomposition of the 
organomagnesium compound. 
Tertiary Grignard reagents cannot give rise to enamines, 
but only to aminals. Such products were indeed obtained 
with phenylmagnesium bromide, but again in low yields (<20%). 
One possible explanation for these disappointing results 
in comparison with Wanzlick's has been given in the intro­
duction. Moreover, steric factors may be involved, since 
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reactions of Grignard reagents are known to depend strongly 
on steric influences. The imidazolidinium ion (VIb) is flat, 
while the formamidinium salts in our experiments without 
exception, contain bulkier substituents. 
Attention is drawn to the fact that N-phenyl substituents 
in non-cyclic formamidinium salts (Via) do not reduce charge 
délocalisation in the central М™-™Стт-ы moiety, as may occur 
in the imidazolidinium salt used by Wanzlick (VIb), because 
the phenyl rings are twisted out of the NmrCrrr-N plane (see 
chapter 6, fig. 2). 5 
СНз C6H5 
I I 
N-C 6H 5 N-CH2 
H-cfè Χ Θ H-C'f· I х V I 
^ N - C 6 H 5 ^м-снг 
СНз CeHs 
a b 
Thus, conjugation with the terminal N-phenyl moieties is 
limited. 
7.3 REACTIONS WITH SODIUM SALTS OF CARBON ACIDS 
In these syntheses sodium salts of carbon acids which 
do not show self-condensation,were used. Reasonable yields 
were obtained when the reactions were carried out in an 
apolar medium, i.e. a slurry of the reactants in cyclo-
hexane. Only in the reaction of N-(morpholinomethylene)-
morpholinium chloride with the sodium salt of malodinitrile 
was a high yield (80%) also obtained, using dimethyl-
sulphoxide as the solvent. The higher reactivity of this 
morpholine derived salt can be ascribed to destabilization 
by the inductive effect of the oxygen atoms in the morpholine 
rings. Other formamidinium salts did not react in this medium. 
The relatively high yields with the sodium salt of 
phenylacetylene as the nucleophile, suggest that a hard 
carban ion is required for good conversions. It appeared 
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that in such cases the nature of the substituents on the 
nitrogen atoms of the formamidiniura salt is of less impor-
tance. 
An explanation of the restricted usefulness of this 
type of reaction, based on the hardness of the nucleophile 
used, becomes comprehensible when it is realized that 
formamidinium salts must be reckoned among the hard acids. 
With this in mind, the success of the reactions performed 
by Clemens can be understood, because of his (lucky?) choice 
of a series of very hard nucleophiles. 
Our results of these reactions are summarized in table 
B. 
7.4 ONE-POT-SYNTHESES 
An attractive one-pot-synthesis was found in a procedure 
in which the formamidinium salt and the carbon acid in dry 
cyclohexane were supplied with potassium tert-butoxide (see 
experimental section). This procedure avoids the high re-
action temperatures as used by Bredereck, and the laborious 
use of sodium amide in liquid ammonia as applied by Arnold. 
An additional advantage of this method is the fact that the 
isolation of the intermediate aminal ester is omitted. Such 
isolation, possible via distillable aminal esters, would 
be much less simple with compounds containing bulky nitrogen 
substituents, such as the piperidino or the hexahydro-
azepinyl group, which decompose during distillation. 
The compounds synthetized via this procedure are listed 
in table C. 
7.5 REACTIONS WITH ACTIVATED FORMAMIDINIUM SALTS 
The high reactivity of this class of compounds ie.g· 
the acyl derivatives VII) has already been mentioned in the 
section on their synthesis (chapter 4). 
The extreme hygroscopic character of these activated 
salts, in combination with their fast hydrolysis makes them 
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rather unattractive reagents. 
W R •ν J W R
2
 ci' 
jS ^ H-C • RJ-COCl > Η-C VII 
^NR 1 ^N-COR 3 
if 
This holds the more so, as it appeared to be very difficult 
to obtain them in a pure state, for during synthesis they 
have to be washed free from the excess of acyl chloride. 
It turned out that they hydrolyse instantaneously in the 
presence of water (VIII). 
^ N R 1 R 2 СІ
 H 0 
H - C ^ ^—» R 3-C0NCH0 + R1R2NH.HCl ντττ 
^N-COR 3 I, 
I R1 
R1 
By this the loss of product is considerable, and therefore 
only a few exploratory reactions were investigated. 
Malodinitrile converts these salts into enamides (IX), 
even in the absence of a base. 
>
R 1 R 2
 H2C(CN)2 _ \ ^
N
 ,
 2 H-C^ > C = C + R1R2NH.HCl IX 
4N-C0R 3 pi R'N CN 
COR 3 R
1 
Formamidinium salts with alkyl or aryl substituents 
on the nitrogen atoms do not react with enol ethers or 
ketene acetáis. 
The activated formamidinium salts show a much higher 
reactivity toward these reagents. It is not clear whether 
the final enamines are formed via a cycloaddition reaction, 
or via the addition of the formamidinium ion to the electron-
rich double bond (X). 
However, an intermediate azetidinium salt is not 
likely to be a very stable compound, so the pathway via 
the dialkoxycarbonium ion seems more probable. 
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0NR1R2 
H-C • 
^N-COR 3 ¿1
 I 
НэС^^ОСНз 
ОСНэ 
R3CONR1 
I 
Н С -
I 
СНэ 
ι 
-с-с' 
СНэСІ 
R^ONR1 H 
I I 
HC — С-СНз 
ι 2 1 I 
R V N — C - 0 C H 3 
I 
Cl OCH3 
υ
"
Π 3
 ÑR1R2 Η \ / y RJCONHR 
R3CONR1 H 
I I 
С — С-СНз 
R1R2N С-ОСНэ 
li® 
НзСО Cl 
R1R2N CH3 
Χ 
H COOCH3 
It should be possible, however, to activate the Eorm-
amidinium salts to such an extent that they are less liable 
to hydrolysis, and at the same time still reactive enough 
to react, e^g. with malodinitrile and ketene acetáis. It 
appeared from N.M.R. measurements that the few activating 
groups investigated were either not active (CiKOC^-) , or 
showed the same reactivity (CH,OCO-) as the above mentioned 
benzoyl and phenylsulphonyl groups. As alkylating agents 
which could give rise to an intermediate reactivity of these 
formamidinium salts seem not easily available, these reactions 
were not further investigated. 
7.6 a.-ELIMINATION 
In the literature many of the methods for synthetizing 
tetraaminoethenes start with an orthoamide or derivative, 
containing some leaving groups, e.g. cyanide, methoxy; this 
group is then eliminated by pyrolysis (XI). 6 
NR! 
I 
2 H-C-Y 
NRJ 
R^ N 
RÍ.N 
si NR1, 
X 
\ NR', 
• 2 HY XI 
Y=CN.NRJ,OR2 
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The α-elimination proceeds especially easy with cyclic 
imidazolidines,^'6'7 yielding bis-(imidazolidin-2-ylidenes) 
(XII). These compounds have been investigated thoroughly, 
as they can be obtained in good yields and are stable. 
Sometimes they exhibit the striking characteristic of many 
other tetraaminoethenes, viz. oxyluminescence. 
I I I 
R R R 
• 2 HY xii 
Y = CCl3; OCH3; OC 2H 5 
R = O " S w i t h s = н'* с нз? OCH3; CI 
(non-luminescent) 
У = OCH-
'3 
с' 
(luminescent) 
R = CH3; С 2Н 5; и-С3Н7; п-С^Н^; и-С 6Н 1 3 
In a similar way, Scheeren and Nivard' synthetized some 
other tetraaminoethenes in which the nitrogens were derived 
from cyclic or aliphatic amines (XIII). 
1 2 R = R = CH3 luminescent 
R R 4 4 №
 R
 R1 = R2 = C 2H 5 non-luminescent х ш 
R ' ^ N N R ^ 2 R 1 ' R 2 = " ( C H 2 ) 4 - ; -^ся2)€- luminescent 
R ,R = -(CH2)5-; -(CH2)2)20- non-lumines-
cent 
In this series it appeared that no simple relation 
exists between the occurrence of chemiluminescence and the 
substitution pattern on the nitrogen atoms. 
Possibly the availability of a larger number of tetra-
aminoethenes might lead to a deeper insight into this re-
lationship, but the preparation of a variety of tetraamino-
ethenes by pyrolysis of orthoamides is restricted by the 
limited availability of orthoamides themselves. Those having 
different substituents at each of the nitrogen atoms are not 
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readily synthetized. 
For this reason it seemed worthwhile to study the 
preparation of tetraaminoethenes from formamidinium salts, 
which are now much more generally available (see chapter 4). 
In the literature one reference is found which deals 
with such a reaction: Lemal et al.9 obtained bis-(l,3-di-
phenylimidazolidin-2-ylidene) by reacting an imidazolidinium 
salt with a bulky base (to prevent the formation of an aminal 
ester) in dimethylsulphoxide at room temperature (XIV). 
C6H5 Ç6H5 Ç6H5 
H-cf^ i ( ^ Γ > Γ Ν Χ Ν Ί 
CeHs С6Н5 С6Н5 
Aliphatic formamidinium salts failed to react under 
these circumstances with a variety of strong bases.10 
With sodium hydride no tetraaminoethenes were formed either, 
but slow conversions took place, leading to a mixture of 
products among which amiuals and tetraaminoethenes could be 
detected; these products suggest a radical mechanism. 
We therefore tried to diminish the extreme stability 
of the formamidinium ion by introducing a different counter 
ion. As seen in chapter 2, the corresponding cyanides are 
less ionic; however, they failed to show any «-elimination 
upon treatment with a base. 
A better approach appeared to be the substitution of 
the counter ion by a tert-butoxide group. Introduction of 
this group yields an aminal ester, in which the contribution 
of the ionic structure to the polarisation of the С—О bond 
is much less than in normal formamidinium salts. At relative­
ly low temperatures these aminal estate underwent smooth 
α-elimination under the influence of sodium hydride, yielding 
tetraaminoethenes (XV). The hardness of the central carbon 
atom of the formamidinium ion, as well as of the hydrogen 
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attached to it, is diminished by the introduction of the 
tert-butoxy group to such an extent, that the α-elimination 
occurs even with the relatively weak base н3^. The products 
could be isolated by distillation. Our yields did not exceed 
30%, but the reaction conditions have not been optimized. 
Only one of the ethenes synthetized in this way showed 
chemiluminescence. 
XV 
Η-C 'β 
•_
NRR
 G KO1 Bu I
 t NaH X » H-C-CTBu -t^^z*. 
'>ІР
1
Р
2 
„2 
= CH п-С^Н^ 
NR1R2 
luminescent 
,1D2 
Χ. 
,NR1R 
"NRV 
R1R2N 
R1R2N X 
N R V 
N R ^ 2 
' 4 " 9 
1 2 R = R = C 2 H 5 
Much research has been devoted to the mechanism of the 
chemiluminescence r e a c t i o n of tetraaminoethenes with oxy­
gen. 
One of the possible mechanisms is depicted in scheme 
XVI. 
R2N
 wR2 -^ 
R2N NR2 
0 — 0 
R2N-I—[-NR2 
NR2 NR2 
R2N 
" t = 0 
R2N 
v
 R2N 
R2N 
R2N 
c=o 
R2N 
R2N NR2 
• X 
R2N NR2 
R2N 
c=o • 
R2N 
R2N NR2 X 
R2N NR2 
XVI 
R2N NR2 X 
R2N NR2 
R 2 N ^ N R 2 
R2N NR2 
h^ 
This scheme shows several stages where the substituents 
may affect the outcome of chemiluminescence. 
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ad 1. By causing a different fragmentation route, e.g. 
via hydroperoxides.16 
ad 2. By influencing the efficiency of the energy trans­
fer. 
ad 3. By promoting the radiationless dissipation of energy 
from the exited molecule. 
It has been shown before,9 that the luminescent tetra-
pyrrolidinoethene reacts faster with oxygen than the non-
luminescent piperidino derivative. On the other hand, Wester-
dahl1 concludes from the results of this investigations 
of a series of luminescent tetraaminoethenes, that the most 
efficient chemiluminescent reactions occur in those com­
pounds which react most slowly with oxygen. We carried out 
a few experiments to investigate whether there is a corre­
lation between oxidation rate and luminescence. 
To this purpose, 1 mmole of an ethene, dissolved in 
benzene, was brought into contact with a volume of air, 
and the volume decrease against time was used as a measure 
for the oxidation rate. 
It turned out that of the ethenes, synthetized via 
α-elimination (XV), the luminescent methyl-propylamino 
derivative reacts very slowly, while the methyl-tert-butyl 
derivative is the fastest (Me-tBu^piperidino^iethyl^Me-Pro) . 
Since only the methyl-propylamino derivative is "visibly" 
luminescent, these results, in combination with those from 
ref. 8, show that chemiluminescence and oxidation rate do not 
appear to be correlated in a simple way. 
7.7 EXPERIMENTAL SECTION 
1 .Réac t ions of formamidinium salts with Grignavd reagents 
To the solution of the Grignard reagent (0.05-0.1 mole), 
prepared in the usual way in tetrahydrofuran, was added 
the calculated amount of a dry formamidinium salt. After 
refluxing for 24 h, a saturated solution of ammonium 
chloride was carefully added, until the magnesium complex 
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had been destroyed. The organic layer was separated, dried 
over anhydrous sodium sulphate and distilled. After the 
solvent had been removed, the residue was redistilled in a 
ball-tube apparatus; with some enemines the isolated amount 
was too small for this procedure. In those cases the product 
could only be identified by N.M.R. spectroscopy. 
The results are summarized in table A. 
2. Réactions of fovmam-idinium salts with sodium salts of 
carbon acids 
To the solution of the carbon acid in dry cyclohexane, 
metallic sodium was added in small portions. Vigorous stir-
ring was continued untili all sodium had reacted. Then the 
formamidinium salt was added (10% excess) in one batch and 
the mixture was heated to reflux overnight. Without previous 
cooling, the reaction mixture was filtered, the solvent 
evaporated at reduced pressure, and the residue either dis-
tilled in a ball-tube apparatus, or recrystallized. 
Results are given in table B. 
3. One-pot-synthesis of enamines from formamidinium salts 
To a suspension of potassium tert-butoxide (10% excess 
over the carbon acid) in dry cyclohexane was added the 
formamidinium salt in one batch (10% excess for the tetra-
methyl substituted salt, 100% excess for the others). After 
refluxing for 5 min, the carbon acid was added and heating 
was continued for 3 h. After cooling, the solvent was evap-
orated at reduced pressure, and a saturated solution of 
potassium carbonate in water was added, together with an 
equal volume of toluene. The aqueous layer was washed twice 
with toluene and the combined organic layers were dried 
over anhydrous sodium sulphate. Toluene was removed at 
reduced pressure, and the residue was distilled in a ball-
tube apparatus. Solid enajnines were recrystallized from 
toluene/pentane. 
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The results are summarized in table C. 
4. Епатгпез from activated formamid-Lnium salts 
a. Methyl β-(dimethylamino)methacrylate, (CH,)2N-CH=C(CH,) 
соосн3 
A solution of 0.01 mole 1,1-dimethoxy-l-propene in dry 
acetonitrile was added to a solution of 0.011 mole N-benzoyl-
Ν,Ν',Ν'-trimethylformamidinium chloride in the same solvent. 
After stirring for 1 h the solvent was evaporated at reduced 
pressure and the residue distilled. Yield: 75%; b.p. 105 / 
0.3 mm; N.M.R. (CDClj): 7.3 s IH; 3.6 s ЗН; 3.0 s бН; 1.6 s 
ЗН. 
b. N-methyl-N-(2,2-dicyanovinyl)benzenesulphonamide, 
C6H5S02N(CH3)-CH=C(CN)2 
Acetonitrile solutions of malodinitrile and N-benzoyl-
Ν,Ν',Ν'-trimethylformamidinium chloride (10% excess) were 
mixed and stirred for 12 h. The solvent was evaporated and 
tetrahydrofuran was added. Dimethylammonium chloride sepa­
rated, and was filtered. On removal of the THF the ethene 
remained. This was purified by washing with small portions 
of ice-cold ether. Yield: 50%; m.p. 158-159°; N.M.R. (ССЦ): 
7.96 s IH; 7.9-7.5 m 5H; 3.43 s ЗН. 
5. Tetraaminoethenes 
a. Aminai esters 
The formamidinium salt was added portionwise to a 
cooled (-15 ) suspension containing 25% excess potassium 
tert-butoxide in dry ether under vigorous stirring. Stir­
ring was continued at this temperature for 3 h. The mixture 
was filtered at ambient temperature. During filtration, 
the filtrate was cooled in ice. The ether was removed at 
reduced pressure at 0 ; the residue, mainly aminal ester, 
was used without further purification in the next step; it 
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could be stored in the refrigirator under exclusion from 
humidity. 
H-C(NR1R2)2-0
<:Bu 
aminal tert-butyl ester 
1 2 
-NR R 
-N(C 2H 5) 2 
-N(CH3)-n-C3H7 
-N(CH2)5 
-N(CH3l-i:-C4H9 
Yield 
(%) 
58 
65 
40 
50 
(%; 
Purity 
estimated by N.M.R.) 
85 
90 
90 
60 
b. Tetraaminoethenes 
(all handling was done under nitrogen) 
The aminal ester was added to 25% excess of sodium 
hydride in dimethoxy-ethane. The mixture was heated to 
reflux for 24 h and filtered after cooling. The solvent 
was removed at reduced pressure and the residue was sub­
jected to distillation in vacuo over a 20 cm Vigreux column. 
(R1R2N)2C=C(NR
1R2)2 
tetraaminoethene 
1 2 
-NR R 
-N(CH3)-n-C3H7 
-N(CH3)-i:-C4H9 
-N(C 2H 5) 2 
-N(CH 2) 5 
yield 
(%) 
30 
30 
20 
40-
80· 
(lit. 
b.ρ./mm 
90o/0.3 
-42o/0.25 
-82o/0.2 
.« 88-90o/0, .3) 
purity' 
(%) 
90 
85 
60 
25 170-172и/0.б >95 
(lit.:9 165-170/0.5) 
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Table A 
Grignard 
reagent 
aminal 
or enaminec 
NMR-characteristics 
(δ [ppm] in CDC13) 
Q-MgBr 
n-C4H9MgBr 
^-CH2MgBr 
C6H5-CH(Azep)2 
с6н5-сн [N (CH3 ) -?г-с3н7] 2 
M-C3H7-CH=CH-Morph 
C6H5-CH=CH-N(CH3)-rt-C3H7 
C6H5-CH=CH-Azep 
-φ-Η 3,0 
-ά-Η 3,5 b.p. 125ο/0.4 
>^= 4,2 (d; J = 10 Hz) ^ 3,2 dt 
д>- 6,54 (d; J = 14 Hz) 
">= 4,9 (d; J = 14 Hz) b.p. 175o/0.25 
H' 
N>- 5,8 (d; J = 12 Hz) 
H>= 4,3 (d; J = 12 Hz) 
a: Azep = NCCH.), 
Morph = N [ ( C H 2 ) 2 ] 2 0 
о 
м Table В 
о 
Sodium salt Aminai or enamine Yield m . p . 
[%] (b.p./mm) 
N M R - c h a r a c t e r i s t i c s 
№ [ppm] i n CDC13) 
Na' .Φ 
0-C=CNa 
Naw©CH(CN). 
ПгГ OCH(COOEt) . 
Na w©CH 
,сосн3 
4COOEt 
H N(CH 3) 2 
H Azep 
^-CEC-CH(NRR1)2 
RR1 = -(CH 2) 7-
R = Me; R1 = n-Pro 
R = Me; R1 = t-Bu 
(NC)2C=CH-Morph 
(EtOOC)2C=CH-Pyr 
CH со
ч 
I 
EtOOC' 
,C=CH-Azep 
35 
30 
89-90 (hexane) N(CH 3) 2 2,85 
lit.:13 90-91° 
77-78 (pentane) 
65 
72 
70 
80 
21 
20 
208u/0.1 
1950/1 
210O/l 
145° (ethanol) 
145ο/0.1 
150Ο/0.2 
-Ç-н 
Ч-н 
Ч-н 
N
>= 
> 
S>'.e and 
3,97 
3,77 
5,10 
7,0 
7,6 
7,7 
a: Pyr = N(CH 2) 4 
Azep = N(CH 2) 6 
Morph = N[(CH2)2] 0 
Table С 
1 2 1 
Η-C-(NR R )_ product yield m.p. H-N.M.R. characteristics 
_N~\R2 (%) (b.p./mm) (δ [ppm] from TMS in CDC13) 
-N(CH ) 2 Me2N-CH=C(S02C6H5}2 67 190-192° =CH 7.2 
(NMe0) , ,^ о 
2
 Q r j 84 8 6 - 8 7 ° N ( C H 3 ) 2 2 . 9 
H ' 4 l M e 2 l i t . :
1 3
 9 0 - 9 1 ° 
Q r ~ Q 82 1 9 2 ° / 0 . 5 N ( C H 3 ) 2 3 .0 
i r ^ N M e 2 l i t . :
1
" 1 9 0 O / 0 . 2 
O 2 N - 0 - C H = C H - N M e 2 50 1 3 6 - 1 3 7 ° =CH 5 . 1 d =CH 7 . 0 d 
l i t . : 3 1 3 7 - 1 3 9 ° ( J = 14 Hz) 
M e 2 N - C H = C ( S 0 2 C 2 H 5 ) 2 70 8 7 - 8 9 ° =CH 7 . 4 
- N ( C H 3 ) C ( C H 3 ) 3 t -Bu(Me)N-CH=CH- 40 1 6 2 ° / 0 . 3 =CH 8 . 0 5 d =CH 5 . 7 5 d 
(-NMe-t-Bu) -COC 6 H 5 ( J = 12 Hz) ( i n CD-jCN) 
- N ( C H 2 ) 4 P y r - C H = C ( C O O C 2 H 5 ) 2 55 1 5 0 ° / 0 . 5 =CH 7 . 6 
( P y r ) l i t . : 1 2 1 4 0 - 1 4 1 ° / 
,COCH, 0 . 1 
Pyr-CH=C 45 1 5 0 u / 0 . 1 =CH 7 . 5 - 7 . 6 (Z/E) 
^соос 2н 5 l i t_ : 1 2 1 5 з О / 0 _ 4 
Pyr-CH=C(CN)2 60 90° =CH 7.7 
м Table С - continued 
о 
00 
H-C-(NR1R2) 
©1 2 
product yield m.p. 
(%) (b.p./mm) 
H-N.M.R. characteristics 
(δ [ppm] from TMS in CDC1,) 
-N(CH2)5 
(Pip) 
Рір-сн=с(соос2н5)2 
Pip-CH=C 
NCOOC 2H 5 
Pip-CH=C(CN)2 
02N-^-CH=CH-Pip 
Q-C0-CH=CH-Pip 
f ! ^ il 
OD 
48 
56 
65 
70 
35 
65 
38 υ 
lit.:12 39-40° 
65° 
lit.:12 65-66° 
92° 
lit.:12 92-93° 
95°/! 
70°/0.5 
lit.:15 m.p. 91-
92° 
75°/! 
=CH 
=CH 
=CH 
=CH 
=CH 
7.0 
6.8 
6.95 
5.7 
7.8 
ff^Pip 
= 13 Hz) 
-N[(CH2)2]2O 
(Morph) 
Morpn-CH=C(COOC2H5) 60 65 =CH 6.9 
lit.: w 66-67.5 
-N(CH2)6 
(Azep) Azep-CH=C 
O Q 
COOC2H5 
H^^Azep 
45 58u 
lit.:12 59-60° 
25 77-78° 
=CH 7.7 
Table С - continued 
H-C-(NR1R2) 
©L 2 
-NR1R¿
-N(CH2)7 
(Azoc) Azoc-
product 
^сосн, 
-CH=C 
^оос 2н 5 
yield 
(%) 
20 
n.p. 
(b.p./nm) 
150O/0.2 
H-N.M.R. characteristics 
(6 [ppm] from TMS in CDC13 
=CH 7.6-7.7 (Z/E) 
Melting points are uncorrected. 
Distillations were carried out by bulb-to-bulb procedure. 
о 

C H A P T E R 8 
SAMENVATTING 
Dit proefschrift handelt over orthoamides (a) en forma-
midinium zouten (b). 
NR'R* ^ N R 1 R 2 NR1R2 
H-C-NR^* н-спв х н-с-саэ 
¿R1R2 """NRlRî ¿RIR: 
Hoewel onderzoek aan vele soorten multifunctionele ver-
bindingen al een lange geschiedenis heeft, is de bestudering 
van orthoamides van recenter datum. De kennis van orthoami-
des is nog vrij onvolledig, mede omdat bij verschillende 
oudere "bereidingswijzen", zoals later bleek, in werkelijk-
heid formamidines of formamidinium zouten zijn verkregen. 
Na de eerste goede synthese van een orthoamide (uit een 
orthoester en een secundair amine) in 1949, zijn nog een 
tweetal preparatieve methodes gevonden, die bruikbaar zijn 
voor een grote groep van deze verbindingen. Deze betreffen 
de reacties tussen secundaire amines en dichloorcarbeen 
(verkregen uit chloroform of trichlooracetaat) en de reac-
ties tussen formamidinium zouten en metaal amides. 
Het bleek ons dat de eerst gepubliceerde reactie, toe-
gepast op N-alkylanilines, aanzienlijk betere opbrengsten 
gaf, wanneer zure katalyse (BF3-etheraat) werd toegepast. 
De invloed van de substituenten aan de stikstofatomen 
op de reactiviteit van orthoamides blijkt tot nog toe wei-
nig onderkend te zijn. Deze invloed is soms zo groot, dat 
structureel nauw verwante orthoamides onder dezelfde reac-
tieomstandigheden geheel andere producten geven: zo wordt 
tripyrrolidinomethaan in chloroform volledig en snel omge-
zet in het overeenkomstige formamidinium chloride, is tri-
piperidinomethaan in chloroform in evenwicht met een chlo-
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raal aminaal (с), en lost trimorfolinomethaan in chloro­
form op zonder verandering te ondergaan. De bereiding en 
reacties van chloraal aminalen worden in hoofdstuk 2 nader 
beschouwd; tevens worden daar verdere voorbeelden vermeld 
waaruit de invloed van N-substituenten op de reactiviteit 
blijkt. 
Aan de diverse onderzoekingen betreffende reacties 
tussen orthoamides als nucleofielen en alkyl- of acyl-
halogenides, cyaanwaterstofzuur, alkynen e.a. hebben wij 
de bestudering van de reacties met electronenarme olefinen 
(dicyanoethenen) toegevoegd (hoofdstuk 3). Een S-substituent 
in het etheen met "leaving group" karakter (OR, CN, NI^) 
bleek te worden vervangen door een aminogroep uit het ortho-
amide. Waterstof, alkyl en/of aryl resten aan het ß-koolstof 
atoom gaven aanleiding tot een vervanging van de dicyano-
methyleengroep door twee aminofuncties uit het orthoamide: 
er ontstaan een aminaal en een enamine (I). 
H-C-tNRÜj • R1R2C=C(CN)2 — * - R1R2C[NR2]2 • R2N-CH=C(CN)2 I 
Beide reacties treden ook op tussen aminalen en dicya-
noethenen. De "methyleentransfer"-reactie leidt in dat geval 
tot een evenwicht, waarvan de ligging bepaald wordt door de 
relatieve stabiliteit van de beide push-pull-ethenen die 
deel uitmaken van het evenwicht. Door bestudering van sub-
stituent-invloeden en door vergelijking met litteratuur-
gegevens van verwante reacties kon een mechanisme voor deze 
omzetting worden voorgesteld. 
De chemie van orthoamides is nauw verweven met die van 
formamidinium zouten. Zoals gezegd, leidden verschillende 
synthesepogingen voor orthoamides tot formamidinium zouten. 
Tevens ontstaan deze zouten gemakkelijk bij reacties van 
orthoamides. Dit wordt in belangrijke mate bepaald door de 
grote stabiliteit van het formamidinium ion t.g.v. de ster-
ke delocalisatie van de positieve lading in het N-™C»-wN 
gedeelte. 
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Voor formamidinium zouten zijn verscheidene goede 
bereidingswijzen bekend. Daar deze allen gemeen hebben dat 
beide aminofuncties van een secundair amine afkomstig zijn, 
zijn vaak alleen die zouten toegankelijk, die een gelijk 
substitutiepatroon hebben aan beide stikstofatomen. Wij 
vonden een methode waarbij een veel gevarieerder substitu-
tiepatroon mogelijk is: een orthoester wordt met een pri-
mair amine in een dialkylformamidinium zout omgezet, waar-
na de aminofuncties een voor een worden gealkyleerd (hoofd-
stuk 4) . 
Deze eenvoudige en zeer algemene syntheses van forma-
midinium zouten zouden deze verbindingen tot aantrekkelijke 
uitgangsstoffen kunnen maken voor de bereiding van aller-
lei andere aminoverbindingen (aminalen, enamines, eventueel 
zelfs secundaire amines), indien hun reactiviteit niet werd 
beperkt door de grote stabiliteit van het ion. Dit verzet 
zich n.l. tegen omzettingen waarbij de hybridisatie van de 
stikstofatomen in de transition state meer sp karakter 
krijgt. 
Allereerst is nagegaan in hoeverre deze inertie van 
het formamidinium ion door de aard van de N-substituenten 
beïnvloed wordt (hoofdstuk 5). Bij zouten met cyclische 
aminogroepen bleek de solvolyse-snelheid af te nemen in de 
reeks: 6-ring-verbinding>5-ring>7-ring>8-ring, waarbij de 
6-ring-verbinding een factor 16 sneller hydrolyseerde dan 
de 8-ring; voor de butanolyse was deze factor 17. Het ef-
fect van de ringgrootte op de reactiviteit van formamidinium 
zouten is kwalitatief vergelijkbaar met de invloed op reac-
ties van carbocyclische verbindingen, die gepaard gaan met 
rehybridisatie van een ringatoom. 
Ook bij formamidinium ionen met niet cyclische amino-
groepen beïnvloeden de N-substituenten de reactiviteit; deze 
wordt verlaagd door grotere alkylgroepen. Zo hydrolyseerde 
de dimethylamlno-verbinding meer dan honderd keer zo snel 
als de methyl-frert-butylamino-verbinding. Bij de alkoholyse 
waren deze verschillen echter niet alleen veel kleiner, 
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maar soms zelfs omgekeerd. Bovengenoemde effecten zijn 
mechanistisch verklaard via sterische versnelling of ver-
traging door hybridisatie-verandei-ingen van de stikstofato-
men tijdens de verschillende stappen van de solvolysereac-
ties. 
In hoofdstuk 6 worden voorlopige resultaten gegeven van 
een röntgenanalytisch onderzoek aan enkele formamidinium 
ionen. Een aanleiding tot dit onderzoek was de overweging 
dat/ op grond van molecuulmodellen, ten gevolge van ste-
rische interacties de laterale π-overlap in het N-~C—~-N 
gedeelte zowel bij cyclische als niet-cyclische formamidi­
nium ionen min of meer verstoord zou moeten zijn. De voor­
lopige resultaten laten echter zien dat de verstoring van 
de coplanariteit door variaties van andere molecuulparame­
ters (b.v. valentiehoeken rond het centrale C-atoom en de 
beide N-atomen) zoveel mogelijk beperkt wordt. Tevens hoop­
ten wij uit deze kristalstructuren een beter inzicht te 
krijgen in de sterische factoren die de hybridisatieveran-
dering van het stikstofatoom in cyclische aminoverbindingen 
beïnvloeden. De conformatie van de ringen bleek nauwelijks 
afhankelijk te zijn van de hybridisatietoestand van het 
stikstofatoom zodat de sterische effecten worden beperkt 
tot "non-bonded" interacties van de ring-substituenten aan 
het stikstofatoom en de naburige koolstofatomen. 
In het laatste hoofdstuk (7) zijn een tweetal mogelijk-
heden onderzocht om de reactiviteit van formamidinium zou-
ten te vergroten. Ten eerste door de vervanging van een 
N-alkylsubstituent door een electronenzuigende groep (acyl, 
fenylsulfonyl), waardoor de electronendelocalisatie in het 
ion verminderd wordt. Inderdaad reageren dergelijke produc-
ten vlot met diverse nucleofielen (water, koolstofzuren, 
keteen acetalen). Hun sterk hygroscopisch karakter, gepaard 
aan extreme hydrolyse-gevoeligheid, maakt dat deze verbin-
dingen echter moeilijk te zuiveren zijn en stempelt ze tot 
slecht hanteerbare reagentia. 
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De tweede verandering bestond uit een variatie van 
het tegenion in de formamidinium zouten. Vervanging door 
een tert-butoxy-groep leidde tot een vermindering van hun 
ionogeen karakter. Door tevens te werken in apolaire oplos­
middelen konden nu vanuit formamidinium zouten op eenvou­
dige wijze aminalen en enamines bereid worden, met de moge­
lijkheid daarin een grote variatie in de stikstofsubstitu-
enten aan te brengen. Ook konden, na α-eliminatie van 
tert-butanol o.i.v. natrium hydride, enkele (soms chemi-
luminescerende) tetraaminoethenen geïsoleerd worden. 
In het algemeen bleken formamidinium zouten tot de 
harde zuren gerekend te moeten worden. Redelijke omzettin-
gen traden dan ook alleen op met harde basen ( OR, R'CSC ); 
pas na reactie tot b.v. een aminaal ester was de hardheid 
dusdanig verminderd, dat ook reacties bewerkstelligd konden 
worden met zachtere basen (koolstofzuren, natriumhydride). 
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I 
De door Barbey en Caullet aangenomen structuur van het formamidi-
nium ion moet als zeer onwaarschijnlijk worden aangemerkt. 
G. Barbey en C. Caullet; Tetrahedron Letters 1977, 3937. 
II 
De zuiveringsmethode die Taylor en Wolfe toepassen bij de synthese 
van co-enzym M (eiueren over een Sephadex A-25 kolom met een am-
moniumacetaat gradiënt) geeft aanleiding tot grote verliezen, 
waarschiinli]k door zure hydrolyse tijdens de verdamping van het 
eluent.; aanzienlijk betere opbrengsten kunnen veikregen worden 
door omzetting van het ruwe co-enzym M-amminium zout in het na-
trium zout, gevolgd door herkristallisatie. 
C D . Taylor en R.S. Wolfe; J. Biol. Chem. 249, 4879 (1974) 
III 
Gullen et al. stellen voor de verbinding Rh4Cl4(CO)4(CM 2(PRjR') 2 
een lineaire structuur voor, die niet on grond van de aoor hén 
verstrekte gegevens plausibel gemaakt wordt. Zowel een cluster-
structuur met een tetraëdrische Rh.-eenheid (isoëlectronisch met 
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(vergelijkbaar met Co -S. (C,-Hr ) . ) zijn aannemelijker. 
W.R. Gullen, B.R. James en G. Strukul; Inorg. Chem. 
Г7, 484 (1978). 
IV 
a-Substituenten die een positieve lading in een als 1,3-dithiaan 
gemaskeerde carbonylfunctie destabiliseren, kunnen bij de ver­
wijdering van die maskering aanleiding geven tot 1,3-dithiin-
derivaten. 
V 
De originele extractienethode voor het epoxyde van straatsburgeen 
(tricyclo[4,2,0,O1 "* ]octoen-2; ontwikkeld door Bessey D'haye et al. 
verdient nader onderzoek, mede op medische gronden. 
Λ. Bessey D'haye, E. Heff en G. Kashiji; 
J. Chem. Res. 1977, (S) 1931; (M) 7777; 
ibid. ; 1977 (8), S-X. 
VI 
Ittah et al. beschouwen bij hun constatering dat benzo[c]fenan-
treen moeilijk en met lage opbrengsten toegankelijk is, kennelijk 
niet de nogeiijkhei-i deze stof op eenvoudige wijze lang fotoche­
mische weg m goede opbrengsten te synthetiseren. 
Y. Ittah, I. Shahak, J. Blum en J. Klein; 
Synthesis 1077, δ^θ. 
VII 
Het róntgenologiscn aantonen va^ . maajerosies levert een bijdrage 
m da gastritis-diagnostiek. 
VIII 
Ce ieesoaarneid var vele artikelen gepubliceerd in tijdschriften 
die manuscripten fotografisch reproduceren, zou /eer gebaat zijn 
net een freguentei reiniging van de georuikte scnri jfnachme. 
Zie bijv.: A.C. Jam, D.K. Tuli en A. Kohli; Synth. Comm. 
T_, 523 (1977); 
R.K. Зоеі, S.D. Sharna en Л.'С. Pandey; Spectrosc. 
Letters j_0, 915 (19 77); 
S. Rajan en X. Muralimohan; Tetrahedron Letters 
1979, 4S3. 
IX 
De gronden, waarop Rajan en Muralimohan besluiten om experimenten 
uit te gaan voeren o.i.v. zonlicht, zijn niet duidelijk. 
S. Rajan en K. Muralimohan; Tetrahedron Letters 
1978, 483: 
" 'ecause of th.p hia1" ie^peyaiu^es that vrevail in 
""
J,
adras durivg suwnev it is decided to ravvy out 
"organi" ypa^tions under the ^stimulation by surlight." 
X 
De aanduiding "Natuurlijke Historie" voor het begrip "kennis der 
natuur" dreigt steeds meer naar zijn letterlijke betekenis 
genomen te kunnen worden. 
Nijmegen, 26 mei 1978 S.C. Wicherj-nk 


